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CHEMTCA T i- QMPOriNTw; 

™™'-ven a onrelatestocertoin^^ 

o, *y a, SMSM m particuto to proHferaave ^ ^ ^ cmcer ^ ^ ^ 

of reentcatnen* for use in ft. treats, of proliferattve disease, ,„ novel quinazohne 
coreponnds and ,o processes for .heir preparadon, as well aa phannaceudcal compositions 
containing them as active ingredient. 

ore, f T^T" *— 9 «• characterised by uncontrollen ceUular 

prelum, ^l--*-^,*^*^,,*^,,. 

h ententes, .an ordered caacade of protein phosphoryladon ia though, to conM fte 
been tdenufien. 7*e activity o, many of dtese ^ „ tocreMed ta ^ 

protein (aa a result of gene amplification for example), or by changes in expression of co 
activators or mhibitory proteins. 

ft. evc^ ^ f""** ^ ^ StUffled ° f c * cle "■*■» »-e been 

IT^T": naSeS(WCDKS) - ^^^^a.speeifienmeaia 

20 ^^""^-"^^ughdreceU cycle. 

20 ^4pro tel nappea IS , OC o„ £role „n 7 in.o ai ecel,cyc,e( ttl eGO-01-S tt ansiaon,by 
Phoaphoryladngtterennoblaatoreagene productpRb. Ma annrela.es the release o, the 
tomscnpnon factor E2F fa. pRb , whjoh to ^ „ ^ fte ^ 

^atyfore^intoSphase. Tnecatolytic activity „,CD K 4 is s ttanatod by bLng to a 

25 ZTT^* ^ofreefire.dereonsnadonaofadirec.hn.berwJncance!! 
25 .he cell cycle waa made wito to observation that dre CycUn Dl gene was ampUfied and 

nil T toCKaSed ^ hen ° e "» *** ° f 0X4 ta « * human 

T" • 1996, Scienoe 274: 1S72 - 1677: i99s - 

Cancer Bre logy 6: 63-72). Other stodies (Loda e. a,., 1997, Natore Medicine 3(2) : 231-234- 
Oererea * a,., 1996, International Journal ofCancer 68(5): 605-H; Elledge e« 1 ,996 
30 ^nds re Cell Biology 6 ; 33S-392) have shown Ota. negative regulator of CD K function are 
frequently down regulated or deleted in hum*, Junction are 

a „. « „ t eao ^ deleted in human tumours again leading to inappropriate 

acuvahon of these kinases 
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More recently, protein kinases that are structurally distinct from the CDK family have 
been identified which play critical roles in regulating the cell cycle and which also appear to 
be important in oncogenesis. These include the newly identified human homologues of the 
Drosophila aurora and S.cerevisiae Ipll proteins. The three human homologues of these 
5 genes Aurora-A, Aurora-B and Aurora-C (also known as aurora2, auroral and aurora3 
respectively) encode cell cycle regulated serine-threonine protein kinases (summarised in 
Adams et al, 2001, Trends in Cell Biology, 11(2): 49-54). These show a peak of expression 
and kinase activity through G2 and mitosis. Several observations implicate the involvement 
of human aurora proteins in cancer. This evidence is particularly strong for Aurora-A. The 

10 Aurora-A gene maps to chromosome 20ql3, a region that is frequently amplified in human 
tumours including both breast and colon tumours. Aurara-A may be the major target gene of 
this amplicon, since Aurora-A DNA is amplified and mRNA overexpressed in greater than 
50% of primary human colorectal cancers. In these tumours Aurora-A protein levels appear 
greatly elevated compared to adjacent normal tissue. In addition, transfection of rodent 

15 fibroblasts with human Aurora-A leads to transformation, conferring the ability to grow in 
soft agar and form tumours in nude mice (Bischoff et al., 1998, The EMBO Journal. 17(11): 
3052-3065). Other work (Zhou et al., 1998, Nature Genetics. 20(2): 189-93) has shown that 
artificial overexpression of Aurora-A leads to an increase in centrosome number and an 
increase in aneuploidy, a known event in the development of cancer. Other work has shown 

20 an increase in expression of Aurora-B (Adams et al, 2001, Chromsoma. 110(2):65-74) and 
Aurora-C (Kimura et al, 1999, Journal of Biological Chemistry, 274(11): 7334-40) in tumour 
cells when compared to normal cells. 

Importantly, it has also been demonstrated that abrogation of Aurora-A expression and 
function jby antisense oligonucleotide treatment of human tumour cell lines (WO 97/22702 

25 and WO 99/37788) leads to cell cycle arrest and exerts an antiproliferative effect in these 
tumour cell lines. Additionally, small molecule inhibitors of Aurora-A and Aurora-B have 
been demonstrated to have an antiproliferative effect in human tumour cells (Keen et al 2001, 
Poster #2455, American Association of Cancer research annual meeting). This indicates that 
inhibition of the function of Aurora-A (and possibly Aurora-B) will have an antiproliferative 

30 effect that may be useful in the treatment of human tumours and other hyperprolif eratiye 
diseases. Further, inhibition of Aurora kinases as a therapeutic approach to these diseases 
may have significant advantages over targeting signalling pathways upstream of the cell cycle 
(e.g. those activated by growth factor receptor tyrosine kinases such as epidermal growth 
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factor receptor (EOJR) or ofter receptors). Since toe ceil cyde is ultimately downstream of 
all of these diverse signing events, cell cycle directed therapies such as inhibition of Aurora 
toases would be predicted to be active across ali proliferating tumour cells, whilst 
approaches directed at specific signalling molecules (e.g. BOHR) would be predicted to be 
5 acnveo^ytathesubsetoftornourcellswhlchexpreasOtosereceptors. I, is also beheved that 
stgnifican, "cross talk" exists between these signalling pathways meaning , ha, tohibinon of 
one component may be compensated for by another. 

A number of quinazoline derivatives have been proposed hitherto for use in the 
inhibition of various kinases. For example, WO 96/09294, WO 96/151 18 and WO 99/06378 
10 describe the use of certain quinazoline compounds as receptor tyrosine kinase inhibitors 
which may be useful in the treatment of proliferative disease and WO 00/21955 discloses 
certain quinazoline derivatives as inhibitors of the effects of VEGF. 

Quinazoline derivatives have also been disclosed for use in the inhibition of Aurora-A ~ 
kinase. WO 01/21597 discloses quinazoline derivative bearing a 6-membered aromatic ring S 
15 containing at least one nitrogen atom. However despite the compounds of WO 01/21597 ' 
there still exists the need for further compounds having Aurora kinase inhibitory properties \ 
The applicants have been successful in finding a novel series of compounds which < 
mhibit the effects of the Aurora kinases and in particular Aurora-A and Aurora-B kinase and ^ 
which have certain properties that make them particularly useful in f ovulating medicaments 
20 for the treatment of disease, m particular the compounds are of use in the treatment of 
proliferative disease such as cancer, in particular in diseases such as colorectal, breast or 
pancreatic cancer where Aurora kinases are known to be active. 

According to one aspect of the present invention there is provided a compound of 
formula Q): 



25 




R4 



. formula (I) 



wherein A is 6-membered heteroaryl containing a nitrogen atom and optionally containing 
one or two further nitrogen atoms; 
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X is O, S, S(O), S(0)2 or NR 14 ; 
m is 0, 1, 2, 3 or 4; 

Y is O, NR 5 CO, CONR 5 , CRVCONR 5 or CR^NR 5 ; 

Z is a group selected from -NR ! R 2 , phosphonooxy, C 3 -6cycloalkyl (substituted by 
5 phosphonooxy or Ci^alkyl (substituted by phosphonooxy)) and a 4- to 7-membered ring 
linked via a carbon atom containing a nitrogen atom and optionally containing a further 
nitrogen atom, which ring may be saturated, partially saturated or unsaturated wherein the 
ring is substituted on carbon or nitrogen by phosphonooxy or C^alkyl (substituted by 
phosphonooxy) and wherein the ring is optionally further substituted on carbon or nitrogen by 
10 1, 2 or 3 halo or Ci^alkyl groups; 

• R 1 is -COR 8 , -CONR 8 R 9 or Ci-salkyl (substituted by phosphonooxy and optionally further 
substituted by 1 or 2 halo or methoxy groups); 

R 2 is hydrogen, ^COR 10 , -CONR ia R n , Ci^alkyl (optionally substituted by 1, 2 or 3 halo or 
Ci^alkoxy groups or -S(0) p R n (where p is 0, 1 or 2) or phosphonooxy), C^alkenyl, 

15 6 alkynyl, C 3 -6cycloalkyl and C 3 - 6 cycloalkylCi^alkyl; 

or R 1 and R 2 together with the nitrogen to which they are attached form a 4- to 7- membered 
ring optionally containing a further nitrogen atom which may be saturated, partially saturated 
or unsaturated wherein the ring is substituted on carbon or nitrogen by a group selected from 
phosphonooxy and C^alkyl (substituted by phosphonooxy or -NR 8 R 9 ) and where the ring is 

20 optionally further substituted on carbon or nitrogen by 1, 2 or 3 halo or Ci^alkyl groups; 
R 3 is hydrogen, halo, cyano, nitro, Ci^alkoxy, Q^alkyl, -OR 12 , -CHR 12 R 13 , -OC(0)R 12 , - 
C(0)R 12 , -NR 12 C(0)R 13 , -C(0)NR 12 R 13 , -NR 12 S0 2 R 13 or-NR 12 R 13 ; 
R 4 is hydrogen or a group selected from Ci^alkyl, heteroaryl, heteroarylCi^alkyl, aryl and 
arylCi^alkyl where the group is optionally substituted by 1, 2 or 3 substitutents selected from 

25 halo, methyl, ethyl, cyclopropyl and ethynyl; 

R 5 is selected from hydrogen, C^alkyl, C^alkenyl, C 2 ^alkynyl, C 3 -6cycloallcyl and C 3 . 
6 cycloalkylCi^alkyl; 

R 6 and R 7 are independently hydrogen, halo, C^alkyl, C 3 _ 6 cycloalkyl, hydroxy and C x . 
4 alkoxy; 

30 R 8 is Ci^alkyl substituted by phosphonooxy and optionally further substituted by 1 or 2 halo 
or methoxy groups; 
R 9 is hydrogen or Ci^alkyl; 
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R 10 is hydrogen or C^alkyl (optionally substituted by halo, C^alkoxy, S(0) q (where q is 0 1 
or2)orphosphonoxy); ' 

R", R' 2 , R 13 andR" are independenUy hydrogen, C^alkyl or heterocyclyl; 
or a pharmaceutically acceptable salt thereof. 
5 Within the present invention, it is to be understood that, insofar as certain of 

compounds of formula (!) herein defined may exist in optically active or racemic forms by 
vnrttie of one or more asymmetric carbon or sulphur atoms, the invendon includes in its 
defimhon any such optically active or racemic form which possesses aurora kinase inhibitory 

achvity^dmpartieuteAurom-A and/or Ann^-B kinase inmbitory aenvity. Thesyntheais 
10 of optically active forms may be carried on, by standard techniques of organic chemistry well 

known in the art, for example by synthesis from optically active starting materials or by 

resolution of aracemic form. SimUariy, me above-mendoned acdvify may be evaluated using 

the standard laboratory techniques referred to hereinafter. 

^"^^tavenaonitistobeunderstoodmata^mpoundofformularoora 
15 sal. thereof may exhibit the phenomenon of tautomeric and tna, me fmmulae drawings ■■ 
wrthin mis specifieadon can represent only one of me possible tautomeric forms, ft is to be 
understood mat dre invendon encompasses any tautomeric form which has Aurora kinase ■:' 
urhtbitory activity and in particular Anrora-A and/or Aurora-B kinase inhibitory activity and ' 

--^telMWmerelytoanyonen.utomericfonnutilisedwithinmefom.maedrawings 
ft ts alao to be understood that certain compounds of formula (I) and salts thereof can 
extst m solvated as wen as unsolvated forms such as, for example, hydrate* forms, ft is to ta 
understood that me invention encompasses all such solvated forms which have Aurora kinase 
mtabrtory activity and in particular Aurora-A and/or Aurora-B kinaae inhibitory activity 

The present invention relates to the compounds of formula (I) as hereinbefore defined 
25 as well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
pharmaceutically acceptable salts, but other salts may be useful in the production of the 
compounds of formula (0 and their pharmaceutical^ acceptable sate. Pharmaceutical], 
acceptable salts of me invention may, for example, include acid addition salts of compounds 
of formula (0 as hereinbefore defined which are sufficiently basic to form such salts. Such 
30 acid addition salts indude bu, are no. limited to furmarate, memanesmphonate, hydrochloride, 
hydrobromtde, citrate and maleate salts and salts formed with phosphoric and smphnric acid 
In addmon where compounds of formula (I) are sufficiendy aeidic, aafta are base salts and ' 
examples include but are no. limited to, an alkali metal sal. for example sodium or potassium 
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an alkaline earth metal salt for example calcium or magnesium, or organic amine salt for 
example triethylamine, emanolamine, diethanolamine, triethanolamine, morpholine, N- 
metnylpiperidine, W-emylpiperidine, dibenzylamine or amino acids such as lysine. 

The compounds of formula 00 may also be provided as in vivo hydrolysable esters. 
5 An in vivo hydrolysable ester of a compound of formula (D containing carboxy or hydroxy 
group is, for example a pharmaceutically acceptable ester which is cleaved in me human or 
animal body to produce the parent acid or alcohol. Such esters can be identified by 
administering, for example, intravenously to a test animal, the compound under test and 
subsequently examining the test animal's body fluid. 
10 Suitable pharmaceutically acceptable esters for carboxy include C^alkoxymethyl 

esters for example methoxymethyl, C^alkanoyloxymethyl esters for example 
pivaloyloxymethyl, phthalidyl esters, Cs-scycloalkoxycarbonyloxyd^alkyl esters for example 
1-cyclohexylcarbonyloxyethyl; l,3-dioxolen-2-onylmethyl esters for example 
5-methyl-l,3-dioxolen-2-onylmethyl; and C^alkoxycarbonyloxyethyl esters for example 
15 1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of 
this invention. 

Suitable pharmaceutically-acceptable esters for hydroxy include inorganic esters such 
as phosphate esters (including phosphoramidic cyclic esters) and a-acyloxyalkyl ethers and 
related compounds which as a result of the in-vivo hydrolysis of the ester breakdown to give 
20 the parent hydroxy group/s. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and 
2,2-dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming groups 
for hydroxy include Ci- 10 alkanoyl, for example formyl, acetyl; benzoyl; phenylacetyl; 
substituted benzoyl and phenylacetyl, Q-joalkoxycarbonyl (to give alkyl carbonate esters), for 
example ethoxycarbonyl; di-C^alkylcarbamoyl and^^di-d^alkylaminoethyO-iV- 
25 C,- 4 alkylcarbamoyI (to give carbamates); m-C^alkylaminoacetyl and carboxyacetyl. 
Examples of ring substituents on phenylacetyl and benzoyl include aminomethyl, Q. 
4 alkylaminomethyl and dHQ^alky^aminomethyl, and morpholino or piperazino linked from 
a ring nitrogen atom via a methylene linking group to the 3- or 4- position of the benzoyl ring. 
Other interesting in vivo hydrolysable esters include, for example, R A C(0)OCj. 6 alkyl-CO-, 
30 wherein R A is for example, benzyloxy-Q^alkyl, or phenyl). Suitable substituents on a 

phenyl group in such esters include, for example, ^Ci^piperazino-C^alkyl, piperazino-Q- 
4 alkyl and morpholino-Ci- 4 alkyl. 
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In this specification the generic term "alkyl" includes both straight-chain and 
branched-chain alkyl groups. However references to individual alkyl groups such as "propyl' 
are specific for the straight chain version only and references to individual branched-chain 
alkyl groups such as "te^butyl" are specific for the branched chain version only An . 
5 analogous convention applies to other generic terms, for example "alkenyl" and "alkynyl". 
"Cycloalkyl" is a monocyclic, saturated alkyl ring and "aryl" is monocyclic or 
bicyclic. 

Unless otherwise specified "heteroaryl" is amonocyciic or bicyclic aromatic ring 
containing 5 to 10 ring atoms of which 1, 2, 3 or 4 ring atoms are chosen from nitrogen 
10 sulphur or oxygen where a ring nitrogen or sulphur may be oxidised. 

"Heterocyclyl" is a saturated, partially saturated or unsaturated, monocyclic or 
bicychc ring containing 4 to 12 atoms of which 1, 2, 3 or 4 ring atoms are chosen from 
nitrogen, sulphur or oxygen, which may be carbon or nitrogen linked, wherein a -CH 2 - group 
can optionally be replaced by a -C(0)-; wherein a ring nitrogen or sulphur atom is optionally ' 
15 oxKhsed to form the N-oxide or S-oxide(s); wherein a ring -NH is optionally substituted by 
acetyl, formyl, methyl or mesyl; and wherein a ring is optionally substituted by one or more { 
halo. 

"Phosphonooxy" is in one aspect a group of formula -OPCOXOHfe. However the 
term "phosphonooxy" also includes salts such as those formed with alkali metal ions such as < 

20 ^^orpotassiumionsoralkalineearmmetalion S ,forexamplecalcium 
ions. 



Where optional substituents are chosen from "1 or 2", from "1, 2, or 3" or from "1 2 
3 or 4" groups or substituents it is to be understood that this definition includes all 
substituents being chosen from one of the specified groups i.e. all substitutents being the same 
25 or the substituents being chosen from two or more of the specified groups i.e. the substitutents 
not being the same. 

Compounds of the present invention have been named with the aid of computer 
software (ACD/Name version 6.6 or ACD Name Batch version 6.0). 
S ^valuesforanyRg^^ 
30 include: r 

for C M alkyl: me thyl, ethyl, propyl, isopropyl, butyl, 2-methylpropyI and ^-butyl; 

for C^alkyl: c M attyl, pentyl, 2,2-dimethylpropyl, 3-methylbutyl and hexyl- 

for C^alkenyl: vinyl, allyl and 1-propenyl; 
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for C^alkenyl: C 2 -4alkenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-enyl, 3- 

methylbut-l-enyl, 1-pentenyl, 3-pentenyl and 4-hexenyl; 
for C^alkynyl: ethynyl, 1-propynyl, 2-propynyl and 3-butynyl; 
for C 2 . 6 alkynyl: C 2 -4alkynyl, 2-pentynyl, hexynyl and l-methylpent-2-ynyl; 
5 for C 3 ^cycloalkyl: cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; 

for C 3 . 6 cycloallcylCi.4alkyl: cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, 

cyclopentylmethyl and cyclohexylmefhyl; 
for aryl: phenyl and naphthyl; 

for arylCi^alkyl: benzyl, phenethyl, naphthylmethyl and naphthylethyl; 
10 for halo: fluoro, chloro, bromo and iodo; 

for Ci^alkoxy: methoxy, ethoxy, propoxy and isopropoxy; 

for Ci^alkoxy: Ci^alkoxy, pentyloxy, 1-ethylpropoxy and hexyloxy; 

for heteroaryl: pyridyl, imidazolyl, quinolinyl, cinnolyl, pyrimidinyl, thiophenyl, 

pyrrolyl, pyrazolyl, thiazolyl, triazolyl, oxazolyl, isoxazolyl and 
15 . pyrazinyl and preferably thiazolyl, pyridyl, imidazolyl and pyrimidinyl; 

for heteroarylCi^alkyl: pyridylmethyl, pyridylethyl, pyrimidinylethyl, 

pyrimidinylpropyl, pyrimidinylbutyl, imidazolylpropyl, 
imidazolylbutyl, quinolinylpropyl, 1,3,4-triazolylpropyl and 
oxazolylmethyl; 

20 for heterocyclyl: furyl, thienyl, pyrrolyl, pyrrolidinyl, imidazolyl, triazolyl, thiazolyl, 

tetrazolyl, oxazolyl, isoxazolyl, pyrazolyl, pyridyl, pyrimidinyl, 
pyrazinyl, pyridazinyl, txiazinyl, quinolinyl, isoquinolinyl, 
quinoxalinyl, benzothiazolyl, benzoxazolyl, benzothienyl, benzofuryl, 
piperidinyl, iV-acetylpiperidinyl, iV-methylpiperidinyl, N- 

25 formylpiperazinyl, iS^mesylpiperazinyl, homopiperazinyl, piperazinyl, 

azetidinyl, oxetanyl, morpholinyl, tetrahydroisoquinolinyl, 
tetxahydroquinolinyl, indolinyl, pyranyl, dihydro-2#i?yranyl, 
tetrahydrofuranyl, 2,5-dioximidazolidinyl, 2,2-dimethyl-l ,3-dioxolanyl 
and 3,4-dimethylenedioxybenzyl. 

30 It should be noted that examples given for terms used in the description are not 

limiting- 

Preferred values of A, X, m, Y, Z, R 3 and R 4 are as follows. Such values may be used 
where appropriate with any of the definitions, claims or embodiments defined hereinbefore or 
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hereinafter. 



In one aspect of the invention A is pyridyl or pyrimidinyl. In a further aspect A is a 
group of formula (a), (b), (c) or (d): 







(b) <°» <d) 

5 where * is the point of attache, to the X group of fornrula (I) and** is the point of 

attochrnen, to the V gnoup of formtfa 0). m a preferred aspect A is a group offormula <b) or 

fc <»«^offteinven n on X isN R «Oo r S.Inano«heras P e=,Xis NR » aye, 
another aspect X is NH. *^ 

10 In one aspect of the invention Y is O.NR'co or Cr'r'nr 5 t„ , .u 

NHCO or CHaNH. K CO C R°R NR • In another aspect Y is Q, 

^^-P-^^invennonZisag^pseiectedirorn-m'^phoshonooxy, I 
cyciopropy, (subsntuted by Chalky, (substituted by ph osphonooxy)) md 7 

"^nxedviacarbonwtere^^ .V 

15 PiosphonooxyorCMattyHsnbs^dby^^ manonter aspect Z is ' 

aspectR^ « *' " ^ b VP<-Phon„oxy. hr anothj 

2T '^ SUb ^ by ^ OT ^»' 1 ^-b«utntedby I or2ha I o B,, 

IWteraspectR. is 2-phosphonooxyeihy,, 2-phospho„oox y -l, 1 -dime t hy I e fll y,, 2 . 

20 ^^--W. ^-Pnosphonooxy-U-dimen.yipropy, 3-phosphonooxypmpy, 
l,l-dimethylpropylor4-phosphonooxybntyl. 

or 3 ha. 10 7 ° f toVeDti0n ^ " hydrogM ' C '- 6aBCyl »y 1, 2 

111 ZoLt fT' Q - tt ^ - ^cycloalxylC,. 

25 2^1 f aSP6C " hydr08 ' i,1 • 2 - pI0PW, • — W ethyl, propyl, isopropyl, 

25 2-rnedtyl P ropy,, buty., 2X fa ethy I p ro py 1 , cycIopropy] , cyclopropy)methyl) cyc]o J 

rr 0 rrr cyciopenty1, cycw,exyi ' 3«<*«i* i d 

.nethoxyeutyl. In a further aspect R 2 is hydrogen, methyl, ethyl isopropyl or cyclohexyl 

* ° ne ^ to '*«-ention R . and R> together with the nitrogen to which they are 
30 I 1 ^^-'^""^^^-^afurtoer^trogenatorn 
and Calkyl (substttuted b y phosphonooxy or-NR°R») and where the ring is I pn0 Ll y 
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further substituted on carbon or nitrogen by 1 or 2 Ci^alkyl groups. In another aspect of the 
invention R 1 and R 2 together with the nitrogen to which they are attached form a piperidine, 
pyrrolidine or piperazine ring which is substituted on carbon or nitrogen by a group selected 
from phosphonooxy, phosphonooxymethyl and 2-phosphonooxyethyl and where the ring is 
5 optionally further substituted on carbon or nitrogen by 1 or 2 methyl. In a further aspect of 
the invention R 1 and R 2 together with the nitrogen to which they are attached form 4- 
(phosphonooxymethyl)piperidinyl, 2-(phosphonooxymethyl)piperidinyl, 2- 
(phosphonooxymethyl)pyrrolidinyl,4-(2-phosphonooxyelhyl)piperazinyl, 3- 
(phosphonooxy)pyrrolidinyl, 3-(phosphonooxy)piperidinyl, 4-(phosphonooxy)piperidinyl, 2- 
10 (phosphonooxymethyl)pyrrolidinyl, 4-(2-phosphonooxyethyl)piperidinyl, 2-(2- 

phosphonooxyethyl)pyrrolidinyl and 2-(2-phosphonooxyethyl)piperidinyl. In yet another 
aspect R 1 and R 2 together with the nitrogen to which they are attached form 2- 
(phosphonooxymemyl)piperidinyl, 4-(phosphonooxy)piperidinyl, 4-(2- 
phosphonooxyethyl)piperidinyl, 2-(2-phosphonooxyethyl)piperidinyl and 2- 
15 (phosphonooxymethyl)pyrrolidinyl. 

In one aspect of the invention R 3 is C^alkoxy or hydrogen. In another aspect R 3 is 
methoxy. In another aspect R 3 is hydrogen. 

In one aspect R 4 is phenyl or benzyl optionally substituted by 1 or 2 of fluoro or 
chloro. In another aspect R 4 is 3-fluorophenyl, 3-chlorophenyl, 3-chlorobenzyl, 3,5- 
20 difluorophenyl, 3,4-difluorophenyl, 2-fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, 
2,5-difluorophenyl, 3-chloro-4-fluorophenyl and 3-chloro-4-fluorobenzyl. In a further aspect 
R 4 is 3-fiuorophenyl, 3-chlorophenyl, 3-chlorobenzyl, 3,4-difluorophenyl, 3-chloro-4- 
fluorophenyl and 3-chloro-4-fluorobenzyl. 

In one aspect R 5 is hydrogen or methyl. 

15 In one aspect of the invention R 6 is hydrogen, fluoro, chloro or methyl. In another 

aspect R 6 is hydrogen. 

In one aspect of the invention R 7 is hydrogen, fluoro, chloro or methyl. In another 
aspect R 7 is hydrogen. 

In one aspect R 8 is 2-phosphonooxyethyl. 
0 In one aspect of the invention R 9 is hydrogen, methyl or ethyl. 

In one aspect of the invention R 10 is hydrogen, methyl or ethyl. 
In one aspect of the invention R n is hydrogen, methyl or ethyl. 
In one aspect of the invention R 12 is hydrogen or methyl. 
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Ih one aspect of the invention R 13 is hydrogen or methyl. 
In one aspect of the invention R 14 is hydrogen or methyl. 
A preferred class of compounds is of formula CO wherein: 
A is a group of formula (a), (b), (c) or (d) as defined above; 
5 XisNH; 

misO, 1,2, 3 or 4; 

Y is O, NR 5 CO or CR 6 R 7 NR 5 

Z is -NR'R 2 , phoshonooxy, cyclopropyl (substituted by C^alkyl (substituted by 
phosphonooxy)) and piperidine or pipemzine ring linked via a carbon atom where the ring is 
10 substituted on carbon or nitrogen by phosphonooxy or C^alkyl (substituted by 
phosphonooxy); 

R 1 is Ci_ 5 alkyl substituted by phosphonooxy; 

R 2 is hydrogen, C^alkyl (optionally substituted by 1, 2 or 3 halo or C^alkoxy groups), C 2 r 

15 R is Q^alkoxy'or hydrogen; 

R 4 is phenyl or benzyl optionally substituted by 1 or 2 of fluoro or chloro; / 
R is hydrogen or methyl; and 

R 6 and R 7 are independently hydrogen, fluoro, chloro or methyl; 
or a pharmaceutically acceptable salt thereof. 
20 Another preferred class of compounds is of formula (I) wherein: 

A is a group of formula (b) or (d) as defined above; 
XisNH; 

mis 0, 1, 2, 3 or 4; 
Y is O, NR 5 CO or CRVNR 5 
25 Z is -NR^ 2 , phoshonooxy, cyclopropyl (substituted by C^alkyl (substituted by 

phosphonooxy)) and piperidine or piperazine ring linked via a carbon atom where the ring is 
substituted on carbon or nitrogen by phosphonooxy or C^alkyl (substituted by 
phosphonooxy); 

R 1 is Ci. 5 alkyl substituted by phosphonooxy; 

30 R 2 is hydrogen, C^alkyl (optionally substituted by 1, 2 or 3 halo or C^alkoxy groups), C 2 
«^enyI,C^alkynyl,C3^^ 
R 3 is Ci^alkoxy or hydrogen; 

R 4 is phenyl or benzyl optionally substituted by 1 or 2 of fluoro or chloro; 
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R 5 is hydrogen or methyl; and 

R 6 and R 7 are independently hydrogen, fluoro, chloro or methyl; 
or a pharmaceutically acceptable salt thereof. 

Another preferred class of compounds is of formula (I) wherein: 
5 A is a group of formula (a), (b), (c) or (d) as defined above; 
Xis NH; 

mis 0, 1, 2, 3 or 4; 

Y is O, NR 5 CO or CR 6 R 7 NR 5 

Z is -NR*R 2 , phoshonooxy, cyclopropyl (substituted by Ci^alkyl (substituted by 
10 phosphonooxy)) and piperidine or piperazine ring where the ring is substituted by 
phosphonooxy or Ci^alkyl (substituted by phosphonooxy); 

R 1 and R 2 together with the nitrogen to which they are attached form a piperidine, pyrrolidine 
or piperazine ring which is substituted on carbon or nitrogen by a group selected from 
phosphonooxy, phosphonooxymethyl and 2-phosphonooxyethyl and where the ring is 
15 optionally further substituted on carbon or nitrogen by 1 or 2 methyl. 
R 3 is Ci. 4 alkoxy or hydrogen; 

R 4 is phenyl or benzyl optionally substituted by 1 or 2 of fluoro or chloro; 
R 5 is hydrogen or methyl; and 

R 6 and R 7 are independently hydrogen, fluoro, chloro or methyl; 
20 or a pharmaceutically acceptable salt thereof. 

A further preferred class of compounds is of formula (J) wherein: 
A is a group of formula (b) or (d) as defined above; 
Xis NH; 

mis 0, 1, 2, 3 or 4; 
25 YisO,NR 5 COorCR 6 R 7 NR 5 

Z is -NR*R 2 , phoshonooxy, cyclopropyl (substituted by C^alkyl (substituted by 
phosphonooxy)) and piperidine or piperazine ring where the ring is substituted by 
phosphonooxy or Ci- 4 alkyl (substituted by phosphonooxy); 

R 1 and R 2 together with the nitrogen to which they are attached form a piperidine, pyrrolidine 
30 or piperazine ring which is substituted on carbon or nitrogen by a group selected from 
phosphonooxy, phosphonooxymethyl and 2-phosphonooxyethyl and where the ring is 
optionally further substituted on carbon or nitrogen by 1 or 2 methyl. 
R 3 is Ci^alkoxy or hydrogen; 
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R is phenyl or benzyl optionally substituted by 1 or 2 of fluoro or chloro; 
R is hydrogen or methyl; and 

R 6 and R 7 are independently hydrogen, fluoro, chloro or methyl; 
or a pharmaceutically acceptable salt thereof. 

5 In another aspect of the invention, preferred compounds of the invention are any 

or: J 

yl]oxy}propyI)amino]-3-methylbutyl dihydrogen phosphate; 

10 ylJoxyJpropyDaminoJ-S-methylbutyl dihydrogen phosphate; 
2 - K3 -« 4 -« 6 -^ 

yl]oxy}propyl)(ethyl)amino]ethyl dihydrogen phosphate; 
yl]oxy}propyl)piperidin-2-yl]ethyl dihydrogen phosphate; 

yl]oxy}propyl) P yrroUdin-2-yl]methyl dihydrogen phosphate; 
2-[l^-{r4-( { 6- K 3^Worobenzoyl)annno]pyridm^ 
yl]oxy}propyl)piperidin-4-yl]ethyl dihydrogen phosphate; ■ 

2-[emyl(3-{[4<{6-[(3-fluorobenzoyI)aminolpvridin3 vllpm^^ *u 
on _ , , % ^ / ^ DOJ P> wain -- :J -yl}amino)-6-methoxyquinazolin-7- 
20 yl]oxy}propyl)amino]ethyl dihydrogen phosphate; 

^-^^^ 

yl]oxy}propyl)(isopropyl)amino]ethyl dihydrogen phosphate; 
HS-m-ae-r^hJorobenzotf 
ylJoxy}propyl)pi pe ridin-4-yl dihydrogen phosphate; 
25 ^ 4 -«6-r(3-cWo^^ 

yl]oxy}butyl dihydrogen phosphate; 

yl]oxy}propyl)(methyl)amino]ethyl dihydrogen phosphate; 
30 yl]oxy}propyl)piperidin-2-yl]methyl dihydrogen phosphate; 
ylJoxy}pentyl)(emyl)armno]ethyl dihydrogen phosphate; 
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4- [(3- { [4-({ 6-[(3-chlorobenzoyl)amino]pyridin-3-yl } amino)-6-memoxyquinazolin-7- 
yl]oxy}propyl)(ethyl)amino]butyl dihydrogen phosphate; 

2-[(3- { [4-({6-[(3-fluorobenzoyl)airdno3pyiidin-3-yl}amino)-6-methoxyquinazolin-7- 
yl]oxy}propyl)(methyl)amino]ethyl dihydrogen phosphate; 
5 2-[(3-{ [4-({2-[(3-chloro-4-fluorobenzoyl)aimno]pyriirddin-5-yl}ami 

methoxyquinazolin-7-yl]oxy}propyl)(cyclohexyl)amino]ethyl dihydrogen phosphate; 

2- [(3-{[4-({2-[(3-cWoro^-fluorobenzoyl)amino]pyriniidin-5-yI}anjino)-6- 
methoxyquinazolin-7-yl]oxy}propyl)(ethyl)amino]ethyl dihydrogen phosphate; 

3- {[4-({2-[(3-cMorobenzoyl)amino]pyri^ 
10 yl]oxy}propyl dihydrogen phosphate; 

H3-({4_[(2-{[(3-cMoro-4-fluorophenyl)a^ 

methoxyqiiinazolin-7-yl}oxy)propyl]piperidin-4-yl dihydrogen phosphate; 

3-[(3-{ [4-({2-[(3-cMoro-4-rluorobenzyl)oxy]pyiimidin-5-yl } amino)-6-methoxyquinazolin-7- 

yl]oxy}propyl)amino]-3-mefliyIbutyl dihydrogen phosphate; 
15 [2-({[4-({2-[(3-cMoro-4-fluorobenzoyl)amino]pyrirnidin-5-yl}amino)-6-m 

7-yl]oxy}memyl)cyclopropyl]methyl dihydrogen phosphate; and 

2-[4~({ [4-({ 2-[(3-chloro-4-fluorobenzoyl)annno]pyrirnidin-5-yl}arnino)-6- 

methoxyquinazoHn-7-yl]oxy}methyl)piperidin-l-yl]ethyl dihydrogen phosphate. 

In another aspect the present invention provides a process for the preparation of a 
20 compound of formula (I) or a pharmaceutically acceptable salt thereof, which process 

comprises converting a compound of formula (H) into a compound of formula (T) by 
phosphorylation of an appropriate hydroxy group: 




formula (H) 

25 where A, X, m, Y, R 2 , R 3 and R 4 are as defined for formula 00; and Z' is a group selected 
from-NR r R 2 , hydroxy, C 3 .<jcycloalkyl (substituted by hydroxy or Ci. 4 aDcyl (substituted by 
hydroxy)) and a 4- to 7-membered ring linked via a carbon atom, containing a nitrogen atom 
and optionally containing a further nitrogen atom, which ring may be saturated, partially 
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saturated or unsaturated wherein the ring is on cart>on „ fcy fa £ 

Calky. (substituteri by hydroxy) and wherein the ring is optionally further substituted on 
camon or nitrogen by 1, 2 or 3 halo or C^alkyl gronps; R 1 ' is -COR 8 ', -CONR 8 *' or C, 
.alky! (substituted by hydroxy and opnonaUy further substibrted by 1 or 2 halo or methoxy 
5 group S );orR and R'togemerwim me nitrogen to which they are attached form a 4- fo 7- 
membered ring optionally containing a further nitrogen atom which may be saturated 
parhaliy saturated or unsaturated wherein Ore ring is subs<tae4 on carbon or nitrogen by a 
group selected from hydroxy and C^alkyl (substituted by hydroxy or -NR<V) and where 
the nng is optionally father substituted on carbon or nitrogen by 1, 2 or 3 halo or CaJkyl 

10 grouped where^isC^aUtylsubsOmtedbyhydroxyandopOonaflyfathersubstifuted 
oy 1 or 2 halo or methoxy groups: 

and thereafter if necessary: 

i) converting a compound of the formula (I) into another compound of the formula ©• 

ii) removing any protecting groups; 

15 iii) forming a pharmaceutical^ acceptable salt. 

Phosphorylation may be suitably performed by treatment with 1-H tetrazole (or a 
suxtable replacement such as S-ethyl tetrazole or pyridinium hydrochloride) and di-rm- > 
butyldiemylphosphoramidite at 5 to 35 °C under an inert atmosphere for 30 minutes to 4 ' 

20 (-CPBA)or30%a q ueoushydrogenperoxideat-10to25°Cfor2tol8hour. Deprotection 
of the r^-butyl groups to yield the phosphate group is required as a final step with these 
reagents and may be readily achieved by treatment with 4.0 N hydrochloric acid in 1 4- 
dioxane at 10 to 35 °C for 12 to 18 hours. 

This process may further comprise a method for the preparation of a compound of 

25 formula (11) where Z' is —NR U R 2 which method comprises the reaction of a compound of 
formula (HI) where L is a leaving group such as halo (e.g.chloro): 

X©_ Y __ R4 
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with an amine of formula (TV): 

^NH 
R 2 

formula (TV). 

Suitable reaction conditions for this process include heating a compound of formula (HI) with 
5 an excess of amine of formula (TV) in an inert solvent such as dimethylacetamide, with or 

without the addition of a suitable catalyst (such as te*ra-n-butylammomuim iodide or 

potassium iodide) at a temperature of 50 to 100 °C for 12 to 72 hours. 

The amines of formula (TV) are known in the art or may be prepared by the skilled 

person using methods known in the art 
0 The process may further comprise a method for the preparation of a compound of 

formula QJI) which method comprises the reaction of a compound of formula (V) where P is a 

suitable protecting group for a hydroxy group (such as benzyl): 




formula (V) 

15 by reaction with a compound of formula (VI) where L' is a leaving group such as halo 
(e.g. bromo): 

formula (VI) 

Such a reaction can be achieved (after removal of the protecting group using a method 
20 selected from those already described in the literature) under a range of conditions described 

in the literature such as heating a compound of formula (V) with a compound of formula (VI) 

in the presence of a catalyst such as caesium carbonate in a solvent such as acetonitrile at a 

temperature of 80 to 100 °C for 1 to 4 hours. 

The process may further comprise a method for the preparation of a compound of 
25. formula (V) where X is NR M , O or S which method comprises the reaction of a compound of 
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formula (VH) where L is a leaving group such as halo (e.g. chloro) and where P is a 
protecting group for a hydroxy! group (such as benzyl): 



R3 



5 with a compound of formula (VET) 



PCT ^ >J 
formula (VH) 



formula (VTH) 



Such a reaction cm ta achieved mder a rffige Qf condit . ons ^ 
heating acompound of formnl a ^ ^ , rf J* « 

10 tsopro pane, or ditnethylaceramide (optionaUy fa ^ rf ^ ^ ^ -* - 

~* be effected uaing . ^ such m ^ Iea J^^i 

solvent such as dimemyifonnam* at a temperature of 50 to 80 - c &r 2 ,„ , ^ " ~V 

thronyl chlorrde, phosphorus oxychloride or phosphorus pentachloride. 



O 



R3 
PO 




formula (IX) 

20 Suitable reaction conditions are illustrated hereinafter. 



A method for the preparation of a compound of formula OX) comprises the reaction of 
a compound of formula (X) where R' may be either hydrogen or an aUey. aryl or 3, 
group and where P is a protecting group- * ^ 
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R 3 

formula (X) 



with formamide or a suitable equivalent (such as formamidine acetate). The reaction is 
suitably effected either by heating a compound of formula (X) in neat formamide or by 
5 heating in a suitable solvent such as 2-methoxyethanol at elevated temperature, conveniently 
at the reflux temperature of the solvent 

Compounds of formula (X) are either known compounds or they can be prepared by 
conventional methods. In particular, compounds of formula (X) may be prepared by 
reduction of the corresponding nitro compound of formula (XI) where R' may be either 
10 hydrogen or an alkyl, aryl or benzyl group: 




R 3 

formula (XI) 

Suitable reaction conditions are illustrated hereinafter. 

Compounds of f ormula (XI) may be obtained by nitration of a compound of formula 
15 (XII) ) where R' may be either hydrogen or an alkyl, aryl or benzyl group: 




R 3 

formula (XII) 

for example, using nitric acid as the nitrating agent. Again, suitable reaction conditions are 
20 illustrated hereinafter. 

The compounds of formula (VHI) are known in the art or may be prepared by the 
skilled person using methods known in the art. However the process may further comprise a 
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method for the preparation of a compound according to formula (VOT) where Y is NR 5 CO 
and X is NH which method comprises the reduction of a compound of formula (XHT) 

formula (XTD) 

5 for example, using hydrogen (in the presence of a platinum or palladium catalyst) as a 
reducing agent. Again, suitable reaction conditions, are illustrated hereinafter. 

The process may further comprise a method for the preparation of a compound 
according to formula (Xm) which method comprises the reaction of a compound of formula 

10 R 5 

formula (XTV) : 

with a compound of formula (XV) where Lis an appropriate leaving group (such as 
carboxylate, (C MO alkyl)COO or halo, such as chloro): 



15 XT ^R4 



X 



formula (XV) 

Again, suitable reaction conditions are illustrated hereinafter. 

It will be appreciated that certain of the various ring substituents in the compounds of 
the present invention may be introduced by standard aromatic substitution reactions or 
20 generated by conventional functional group modifications either prior to or immediately 
following the processes mentioned above, and as such are included in the process aspect of 
the mvention. Such reactions and modifications include, for example, introduction of a 
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation 
of substituents and oxidation of substituents. The reagents and reaction conditions for such 
25 procedures are well known in the chemical art. Particular examples of aromatic substitution 
reactions include the introduction of anitro group using concentrated nitric acid the 
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as " 
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aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group 
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts 
conditions; and the introduction of a halogen group. Particular examples of modifications 
include the reduction of a nitro group to an amino group by for example, catalytic 
5 hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric 
acid with heating; oxidation of allcylthio to alkylsulphinyl or alkylsulphonyl. 

It will also be appreciated that in some of the reactions mentioned herein it may be 
necessary/desirable to protect any sensitive groups in the compounds. The instances where 
protection is necessary or desirable and suitable methods for protection are known to those 
10 skilled in the art. Conventional protecting groups may be used in accordance with standard 
practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley 
and Sons, 1991). Thus, if reactants include groups such as amino, carboxy or hydroxy it may 
be desirable to protect the group in some of the reactions mentioned herein. 

A suitable protecting group for an amino or alkylamino group is, for example, an acyl 
15 group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a 
methoxycarbonyl, ethoxycarbonyl or /-butoxycarbonyl group, an arylmethoxycarbonyl group, 
for example benzyloxycarbonyl, or an aroyl group, for example benzoyl. The deprotection 
conditions for the above protecting groups necessarily vary with the choice of protecting 
group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl group or an 
20 aroyl group may be removed for example, by hydrolysis with a suitable base such as an alkali 
metal hydroxide, for example hthium or sodium hydroxide. Alternatively an acyl group such 
as a f-butoxycarbonyl group may be removed, for example, by treatment with a suitable acid 
as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic acid and an 
arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for 
25 example, by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with 
a Lewis acid for example boron tris(trifluoroacetate). A suitable alternative protecting group 
for a primary amino group is, for example, a phthaloyl group which may be removed by 
treatment with an alkylamine, for example dimethylaminopropylamine, or with hydrazine. 
A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
30 example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 

arylmethyl group, for example benzyl. The deprotection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
. group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
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a stable base such as an alkali M hydroxide, for example lithium or sodium hydroxide 
Alternatively an arylmethyl group such as a beuzy! group may be removed, for example, by 
hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protectiug group for a carboxy group is, for example, au esterifying group 
for example a methyl or au ethyl group which may be removed, for example, by hydrolysis 
wtth a base such as sodium hydroxide, or for example a te „-butyl group which may be 
removed, for example, by trearmeut with au acid, for example an organic acid such as 
tirfluoroaceuc acid, or for example a benzyl group which may be removed, for example by 
hydrogenation over a catalyst such as palladium-on-carbon. 
10 Tie protecting groups may be removed a, any convenient stage in me synthesis using 

conventional techniques well known in the chemical art. 

According to a further aspect of me invention there is provided a pharmaceutical 
composition which comprises a compound formuia (ft or a pharmaceutical* acceptable salt:: 
.hereof, as defined hereinbefore in association with a pharmaceutical* acceptable diluent or i 
15 earner. 

The compositions of the invention may be in a form suitable for oral use (for example 
as table*, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions, dispersible 
powders or granules, syrups or elixira), fortopical use (for example as creams, ointments 4 
gels, or aqueous or oily solutions or suspensions), for administration by inhalation (for S 
20 example as a finely divided powder or a liquid aerosol), for administiation by insufflation (for 
example as a finely divided powder) or for parenteral administration (for example aa a sterile 
aweous or oilysolution for intravenous, subcutaneous, intramuscular or intramuscular dosing 
or as a suppository for rectal dosing). 

The compositions of the invention may be obtained by conventional procedures using 
25 conventional pharmaceutical excipients, well known in the art Thus, compositions intended 
for oral use may contain, for example, one or more colouring, sweetening, flavouring and/or 
preservative agents. 

Therefore in a further aspect of the invention there is provided a compound of formula 
(D, or a pharmaceutical^ acceptable salt thereof, for use in therapy. 
30 Further provided is a compound of formula (0, or a pharmaceutical* acceptable salt 

thereof, for use as a medicament. 

Additionally a compound of formula (I), or a pharmaceutical* acceptable salt thereof 
rs provided for use in a method of treatment of a warm-blooded animal such as man by 
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therapy. 

In another aspect of the invention, there is provided the use of a compound of formula 
(I) or a pharraaceutically acceptable salt thereof, in the preparation of a medicament for the 
treatment of a disease where the inhibition of one or more Aurora kinase is beneficial. In 
5 particular it is envisaged that inhibition of Aurora-A kinase and/or Aurora-B kinase may be 
beneficial. 

In another aspect of the invention, there is provided the use of a compound of formula 
(I) or a pharmaceutically acceptable salt thereof, in the preparation of a medicament for the 
treatment of hyperproliferati ve diseases such as cancer and in particular colorectal, breast or 
10 pancreatic cancer where Aurora-A is upregulated. 

According to yet another aspect, there is provided a compound of formula (I) or a 
pharmaceutically acceptable salt thereof for use in the method of treating a human suffering 
from a disease in which the inhibition of one or more Aurora kinases is beneficial, comprising 
the steps of administering to a person in need thereof a therapeutically effective amount of a 
15 compound of formula (I) or a pharmaceutically acceptable salt thereof. In particular it is 
envisaged that inhibition of Aurora-A kinase and/or Aurora-B kinase may be beneficial. 

Further provided is a compound of formula (I) or a pharmaceutically acceptable salt 
thereof for use in the method of treating a human suffering from a hyperproliferative disease 
such as cancer and in particular colorectal, breast or pancreatic cancer where Aurora-A is 
20 upregulated, comprising the steps of administering to a person in need thereof a 
therapeutically effective amount of a compound of formula (I) or a pharmaceutically 
acceptable salt thereof. 

For the above mentioned therapeutic uses the dose administered will vary with the 
compound employed, the mode of administration, the treatment desired, the disorder indicated 
25 and the age and sex of the animal or patient. The size of the dose would thus be calculated 
according to well known principles of medicine. 

In using a compound of formula CD for therapeutic or prophylactic purposes it will 
generally be administered so that a daily dose in the range, for example, 0.05 mg/kg to 50 
mg/kg body weight is received, given if required in divided doses. In general lower doses 
30 will be administered when a parenteral route is employed. Thus, for example, for intravenous 
administration, a dose in the range, for example, 0.05 mg/kg to 25 mg/kg body weight will 
generally be used. Similarly, for administration by inhalation, a dose in the range, for 
■ : example, 0.05 mg/kg to 25 mg/kg body weight will be used. 
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The treatment defined hereinbefore may be applied as a sole therapy or may involve 
m addmon to the compound of the invention, conventional surgery or radiotherapy or 
chemotherapy. Such chemotherapy may include one or more of the following categories of 
anti-tumour agents 

5 0) tmtiprohferative/antineoplasuc drugs and combinations thereof, as used in medical 
oncology, suoh as alkylating agents (for example cis-platin, carboplatin. cyclophosphamide, 
nttrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolite (for 
example ar.tifo.ate such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed 
methotrexate, cytosine arabinoside and hydroxyurea; antitumour antibiotics (forexample' 
10 anthracyclinas like adriamycin, bleomycin, doxorubicin, daunomycin, epirubiciu, idarubicin 
mttomycm-C, dactinomycin and nnthramycin); antimitotic agents (for example vinca ' 
alkaloids like vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and 
taxotere); and topoisomerase inhibitors (for example epipodophyllotoxins like etoposide and* 
tenlposide,amsaerine,topotecanandcamptothecin); .!> 
15 (ii) cytostatic agents such as antioestrogens (for example tamoxifen, toremifene ■ > 
raloxrfene, droloxifene and iodoxyfene), antiandrogens (for example bicahnamide, flutamidej 
mlutamrde and cyproterone acetate), UHSH antagonists or USRH agonists (for example ' * 

nthtbrtots (forexample as anasti^zole, letrozoie, vorazole and exemestane) and inhibitors of i 
A) 5oc-reductase such as finasteride; 

TO Agents which inhibit cancer cell invasion (for example metalloproteinase inhibits 
hke marimasta, and inhibitors of urokinase plasminogen activator receptor function)- 
Ov) mhibitors of growth factor taction, for example such inhibitors include grown, factor 
antibodies, grow* factor receptor antibodies (for example the anti-erbb2 antibody 
25 trastuzumab [Herceptin™] and the anti-erbbl antibody cemximab (C225J) , famesyl ' 
transferase inhibitors, tyrosine kinase inhibitor, and serine-threonine kinase inhibitors for 
example inhibitor, of the epidermal growth factor family (for example EGRE family tyrosine 
tanase inhibitors such as lV-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3- 
mo,h olinopropoxy) q umazoIin-4-amme (gefitinib, AZD1839), ^-emynylpheny.)^- 
bta^memoxyemoxy^uinazoHn^amine (erlotinib, OSI-774) and 6-acrylamido*(3^hlo ro - 
MuorophenyimS-morpholinopropoxyXninazoIte^amine (CI 1033)), for example 
mh.bi.ors of the platelet-deriven growth factor famUy and for example inhibitor of the 
hepatocyte growth factor family; 
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(v) antiangiogenic agents such as those which inhibit the effects of vascular endothelial 
growth factor, (for example the anti-vascular endothelial cell growth factor antibody 
bevacizumab [Avastin™], compounds such as those disclosed in International Patent 
Applications WO 97/22596, WO 97/30035, WO 97/32856 and WO 98/13354) and 

5 compounds that work by other mechanisms (for example linomide, inhibitors of integrin 
av(33 function and angiostatin); 

(vi) vascular damaging agents such as Combretastatin A4 and compounds disclosed in 
International Patent Applications WO 99/02166, WO00/40529, WO 00/41669, WO01/92224, 
WO02/04434 and WO02/08213; 

10 (vii) antisense therapies, for example those which are directed to the targets listed above, such 
as ISIS 2503, an anti-ras antisense; 

(viii) gene therapy approaches, including for example approaches to replace aberrant genes 
such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro-drug 
therapy) approaches such as those using cytosine deaminase, thymidine kinase or a bacterial 

15 nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or 
radiotherapy such as multi-drug resistance gene therapy; and 

(ix) immunotherapy approaches, including for example ex-vivo and in-vivo approaches to 
increase the immunogenicity of patient tumour cells, such as transfection with cytokines such 
as interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor, 

20 approaches to decrease T~cell anergy, approaches using transfected immune cells such as 
cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines 
and approaches using anti-idiotypic antibodies. 

Such conjoint treatment may be achieved by way of the simultaneous, sequential or separate 
dosing of the individual components of the treatment. Such combination products employ the 

25 compounds of this invention within the dosage range described hereinbefore and the other 
pharmaceutically-active agent within its approved dosage range. 

In addition to their use in therapeutic medicine, the compounds of formula (I) and their 
pharmaceutically acceptable salts are also useful as pharmacological tools in the development 
and standardisation of in vitro and in vivo test systems for the evaluation of the effects of 

30 inhibitors of cell cycle activity in laboratory animals such as cats, dogs, rabbits, monkeys, rats 
and mice, as part of the search for new therapeutic agents. 
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In the above other pharmacentica. composition, process, method, use and medicament 
manufcchn, features, the alternative and pmfennd embodiment o, me compounds of the 
invention described herein also apply. 

The compounds of the invention inhibit the serme-faeonine tease activity of the 
Aurora teases, in parucular Aurora-A and/or Aurora-B and thus inhibit the ceil cycle and ceU 
proton Th^e ptoses may be assessed for examp,e, usin g one or mom o I 
procedures set out below. 

(a) fa Vitro Aurora-A kin*** i ^ hition tesst 

10 acrivitv T"*" aMi,y °' 3 ^ C ° mPOm,d 10 *— 1- tease 

Z^Z7 ^^^^"^^-"^-byc.on^.Xhis 
DNAmaymenc.expmssedmasuiW.leexpressionays.emtoobmmpoIypepddewith ■ 

^^Abypolymemaechainreacuon^andcionedintomeBatnHlandNotl K 
reshtcnonendonudease sites of the baculovirus expression vector pFastBacHTc 'i 
^BRiyUfe techncogies). The , PCR primer contained a recognition science for the I 
mstncuonendonucleaseBamH! 5' to the Aurora-A coding sequence. This allowed the " 
maerhon of the Aurora-A genein frame with the 6 hisudine reaidues, spacer region andW 

20 A ™-As to pc ( >aonwimadm a ondc.dmgse q uence,o )1 owe<.bya s ,opcodonanda 

(5 TAG CCA TAC GAT GTT CCA OAT TAC OCT TCT TAA 3') encoded for me 
polypepude sequence YPYDVPD YAS . This sequence, derived from the influenza 

25 s^c monoc lona, anhbodiea. The recombinant pFaatBac vector therefore encoded for an 
N-tennmally 6 his tagged, C terminally influenza hemaggmhn epitope tagged Autora-A 
protem Details of me methods for the assembly of tecombinant DNA molecules can be found 
m atante 1 texts, for example Sambroo* et al. 1989, Moiecular Cloning - A Labotatory 
Manual, 2-Edirion, Cold Spring Harbor Laboratory press and Ausubel eta,. !999 CuL, 

30 Protocols i„ Molecular Biology. John Wiley and Sons Inc. 

from oT^r T *" ^ P6rf0m,ed f ° U0Wtog — Ptotocol 

mm B. cob DHlOBac cells containing the baculovirus genome (bacmid DNA) and via a 
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transposition event in the cells, a region of the pFastiBac vector containing gentamycin 
resistance gene and the Aurora-A gene including the baculovirus polyhedrin promoter was 
transposed directly into the bacmid DNA. By selection on gentamycin, kanamycin, 
tetracycline and X-gal, resultant white colonies should contain recombinant bacmid DNA 
5 encoding Aurora-A. Bacmid DNA was extracted from a small scale culture of several 
BHIOBac white colonies and transfected into Spodoptera frugiperda Sf21 cells grown in 
TC100 medium (GibcoBRL) containing 10% serum using CellFECTTN reagent (GibcoBRL) 
following manufacturer's instructions. Virus particles were harvested by collecting cell culture 
medium 72 hrs post transfection. 0.5 mis of medium was used to infect 100 ml suspension 
10 culture of Sf21s containing 1 x 10 7 cells/ml. Cell culture medium was harvested 48 hrs post 
infection and virus titre determined using a standard plaque assay procedure. Virus stocks 
. were used to infect Sf9 and "High 5" cells at a multiplicity of infection (MOI) of 3 to 
ascertain expression of recombinant Aurora-A protein. 

For the large scale expression of Aurora-A kinase activity, Sf21 insect cells were 
15 grown at 28°C in TC100 medium supplemented with 10% foetal calf serum (Viralex) and 
0.2% F68 Pluronic (Sigma) on a Wheaton roller rig at 3 r.p.m. When the cell density reached 
1.2xl0 6 cells ml" 1 they were infected with plaque-pure Aurora-A recombinant virus at a 
multiplicity of infection of 1 and harvested 48 hours later. All subsequent purification steps 
were performed at 4°C. Frozen insect cell pellets containing a total of 2.0 x 10 8 cells were 
20 thawed and diluted with lysis buffer (25 mM HEPES (N-[2-hydroxyethyl]piperazine-N s -[2- 
ethanesulphonic acid]) pH7.4 at 4°C , 100 mM KC1, 25 mM NaF, 1 mM Na 3 V0 4 , 1 mM 
PMSF (phenylmethylsulphonyl fluoride), 2 mM 2-mercaptoethanol, 2 mM imidazole, 1 /xg/ml 
aprotinin, 1 (ig/xtd pepstatin, 1 /ig/ml leupeptin), using 1.0 ml per 3 x 10 7 cells. Lysis was 
achieved using a dounce homogeniser, following which the lysate was centrifuged at 41,000# 
25 for 35 minutes. Aspirated supernatant was pumped onto a 5 mm diameter chromatography 
column containing 500 [il Ni NTA (nitrilo-tri-acetic acid) agarose (Qiagen, product no. 
30250) which had been equilibrated in lysis buffer. A baseline level of UV absorbance for the 
eluent was reached after washing the column with 12 ml of lysis buffer followed by 7 ml of 
wash buffer (25 mM HEPES pH7.4 at 4°C , 100 mM KCl, 20 mM imidazole, 2 mM 2- 
30 mercaptoethanol). Bound Aurora-A protein was eluted from the column using elution buffer 
(25 mM HEPES pH7.4 at 4°C , 100 mM KC1, 400 mM imidazole, 2 mM 2-mercaptoethanol). 
An elution fraction (2.5 ml) corresponding to the peak in UV absorbance was collected. The 
v; elution fraction, containing active Aurora-A kinase, was dialysed exhaustively against dialysis 
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buffer (25 znM HEPES pH7.4 at 4°C , 45% glycerol (v/v), 100 mM KCl, 0.25% Nonidet P40 
(v/v), 1 mM dithiothreitol). 

Each new batch of Aurora-A enzyme was titrated in the assay by dilution with enzyme 
dtluent (25mM Tns-HCl pH7.5, 12.5mM KCl, 0.6mM DTT). For a typical batch, stock 
5 enzyme is diluted 1 in 666 with enzyme diluent & 20ul of dilute enzyme is used for each 
assay well. Test compounds (at lOmM in dimethylsulphoxide (DMSO) were diluted with 
water & lO^J of diluted compound was transferred to wells in the assay plates. 'Total" & 
"blank" control wells contained 2.5% DMSO instead of compound. Twenty microhtres of 
freshly diluted enzyme was added to all wells, apart from "blank" wells. Twenty microlitres 
10 of enzyme diluent was added to "blank" wells. Twenty microlitres of reaction mix (25mM 
Tns-HCl, 78.4mMKCl, 2.5mM NaF, 0.6mM dithiothreitol, 6.25mMMnCl 2 , 6.25mM ATP 
7.5MM peptide substrate fbiotin-LRRWSLGLRRWSLGLRRWSLGLRRWSLG]) containing 
0.2HQ [y^ATP (Amersham Pharmacia, specific activity >2500Ci/mmol) was then added to 
all test wells to start the reaction. The plates were incubated at room temperature for 60 " { 
15 mxnutes. To stop the reaction 100^1 20% v/v orthophosphoric acid was added to all wells The " 
peptxde substrate was captured on positively-charged nitroceUulose P30 filtermat (Whatman) ' 
usmg a 96-well plate harvester (TomTek) & then assayed for incorporation of 33 P with a Beta^ 
plate counter. "Blank" (no enzyme) and "total" (no compound) control values were used to * 
determine the dilution range of test compound which gave 50% inhibition of enzyme activity' 
In thxs test, the compounds of the invention give 50% inhibition of enzyme activity at 
concentrations of 0.3nM to lOOOnM and in particular compound 17 in Table 2 gave 50% 
mhibmon of enzyme activity at a concentration of 0.3nM. 



25 



0>) In Vitro Anmra-R kj nase inhihitmn 

This assay determines the ability of a test compound to inhibit serine-threonine kinase 
acuvity. DNA encoding Aurora-B may be obtained by total gene synthesis or by cloning This 
DNA may then be expressed in a suitable expression system to obtain polypeptide with 
senne-threonine kinase activity. In the case of Aurora-B, the coding sequence was isolated 
from cDNA by polymerase chain reaction (PGR) and cloned into the pFastBac system in a 
30 manner similar to that described above for Aurora-A (i.e. to direct expression of a 6-histidine 
tagged Aurora-B protein). 

For the large scale expression of Aurora-B kinase activity, Sfil insect cells were 
*o™ at 28-C in TC100 medium supplemented with 10% foetal calf serum (Viralex) and. 
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0.2% F68 Pluronic (Sigma) on a Wheaton roller rig at 3 r.p.m. When the cell density reached 
L2xl0 6 cells ml" 1 they were infected with plaque-pure Aurora-B recombinant virus at a 
multiplicity of infection of 1 and harvested 48 hours later. All subsequent purification steps 
were performed at 4°C. Frozen insect cell pellets containing a total of 2.0 x 10 8 cells were 
5 thawed and diluted with lysis buffer (50 mM HEPES (N-P-hydroxyethyUpiperazine-N'-P- 
ethanesulphonic acid]) pH7.5 at 4°C , 1 mM Na 3 V0 4 , 1 mM PMSF (phenylmethylsulphonyl 
fluoride), 1 mM dithiothreitol, 1 jug/ml aprotinin, 1 jttg/ml pepstatin, 1 jtfg/ml leupeptin), using 
1.0 ml per 2 x 10 7 cells. Lysis was achieved using a sonication homogeniser, following which 
the lysate was centrifuged at 41,000g for 35 minutes. Aspirated supernatant was pumped onto 

10 a 5 mm diameter chromatography column containing 1 .0 ml CM sepharose Fast Flow 

(Amersham Pharmacia Biotech) which had been equilibrated in lysis buffer. A baseline level 
of UV absorbance for the eluent was reached after washing the column with 12 ml of lysis 
buffer followed by 7 ml of wash buffer (50 mM HEPES pH7.4 at 4°C , 1 mM dithiothreitol). 
Bound Aurora-B B protein was eluted from the column using a gradient of elution buffer (50 

15 mM HEPES pH7.4 at 4°C , 0.6 M NaCl, 1 mM dithiothreitol, running from 0% elution buffer 
to 100% elution buffer over 15 minutes at a flowrate of 0.5 ml/min). Elution fractions (1.0 ml) 
corresponding to the peak in UV absorbance was collected. Elution fractions were dialysed 
exhaustively against dialysis buffer (25 mM HEPES pH7.4 at 4°C , 45% glycerol (v/v), 100 
mM KC1, 0.05% (v/v) IGEPAL CA630 (Sigma Aldrich), 1 mM dithiothreitol). Dialysed 

20 fractions were assayed for Aurora-B kinase activity. 

Each new batch of Aurora-B enzyme was titrated in the assay by dilution with enzyme 
diluent (25mM Tris-HCl pH7.5, 12.5mM KC1, 0.6mM DTT). For a typical batch, stock 
enzyme is diluted 1 in 40 with enzyme diluent & 20\xl of dilute enzyme is used for each assay 
well. Test compounds (at lOmM in dimethylsulphoxide (DMSO) were diluted with water & 

25 lOjil of diluted compound was transferred to wells in the assay plates. "Total" & "blank" 
control wells contained 2.5% DMSO instead of compound. Twenty microlitres of freshly 
diluted enzyme was added to all wells, apart from "blank" wells. Twenty microlitres of 
enzyme diluent was added to "blank" wells. Twenty microlitres of reaction mix (25mM Tris- 
HCl, 78.4mM KC1, 2.5mM NaF, 0.6mM dithiothreitol, 6.25mM MnCl 2 , 37.5mM ATP, 25yM 

30 peptide substrate [biotin-LRRWSLGIJRRWSLGLRRWSLGLRRWSLG]) containing 0.2fxCi 
[Y^PIATP (Amersham Pharmacia, specific activity >2500Ci/mmol) was then added to all test 
wells to start the reaction. The plates were incubated at room temperature for 60 minutes. To 
' stop the reaction IOOjuJ 20% v/v orthophosphoric acid was added to all wells. The peptide 
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substrate was captured on positively-charged nitrocellulose P30 filtermat (Whatman) using a 
96-well plate harvester (TomTek) & then assayed for incorporation of 33 P with a Beta plate 
counter. "Blank" (no enzyme) and "total" (no compound) control values were used to 
determine the dilution range of test compound which gave 50% inhibition of enzyme activity. 
5 In this test, the compounds of the invention give 50% inhibition of enzyme activity at 

concentrations of 0.3nM to lOOOnM and in particular compound 17 in Table 2 gave 50% 
inhibition of enzyme activity at a concentration of 12.3nM. 

(c) In Vitro cell proliferation assay 
10 This and other assays can be used to determine the ability of a test compound to 

inhibit the growth of adherent mammalian cell lines, for example the human tumour cell line 
SW620 (ATCC CCL-227). This assay determines the ability of at test compound to inhibit the 
incorporation of the thymidine analogue, 5'-bromo-2'-deoxy-uridine (BrdU) into cellular 
DNA. SW620 or other adherent cells were typically seeded at 1x10 s cells per well in L-15 
15 media (GIBCO) plus 5% foetal calf serum, 1% L-glutamine (lOOyl / well) in 96 well tissue j 
culture treated 96 well plates (Costar) and allowed to adhere overnight. The following day the 
cells were dosed with compound (diluted from lOmM stock in DMSO using L-15 (with 5% ■ 
FCS, 1% L-glutamine). Untreated control wells and wells containing a compound known to 
give 100% inhibition of BrdU incorporation were included on each plate. After 48 hours in ; 
20 the presence / absence of test compound the ability of the cells to incorporate BrdU over a 2 
hour labelling period was determined using a Boehringer (Roche) Cell Proliferation BrdU 
ELJSA kit (cat. No. 1 647 229) according to manufacturers directions- Briefly, 15uJ of BrdU 
labelling reagent (diluted 1:100 in media - L-15, 5% FCS, 1% L-glutamine) was added to 
each well and the plate returned to a humidified (+5% C0 2 ) 37°C incubator for 2 hours. After 
25 2 hours the labelling reagent was removed by decanting and tapping the plate on a paper 
towel. FixDenat solution (50ul per well) was added and the plates incubated at room 
temperature for 45mins with shaking. The FixDenat solution was removed by decanting and 
tapping the inverted plate on a paper towel. The plate was then washed once with phosphate 
buffered saline (PBS) and lOOul /well of Anti-BrdU-POD antibody solution (diluted 1:100 in 
30 antibody dilution buffer) added. The plate was then incubated at room temperature with 
shaking for 90min. Unbound Anti-BrdU-POD antibody was removed by decanting and 
washing the plate 4 times with PBS before being blotted dry. TMB substrate solution was 
added (100ul/well) and incubated for approximately 10 minutes at room temperature with 
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shaking until a colour change was apparent The optical density of the wells was then 
determined at 690nm wavelength using a Titertek Multiscan plate reader. The values from 
compound treated, untreated and 100% inhibition controls were used to determine the dilution 
range of a test compound that gave 50% inhibition of BrdU incorporation. The compounds of 
5 the invention are active at 0.3nM to lOOOOnM in this test and in particular compound 17 in 
table 2 was active at 300nM. 

(d) In Vitro cell cycle analysis assay 

Hiis assay determines the ability of a test compound to arrest cells in specific phases 
10 of the cell cycle. Many different mammalian cell lines could be used in this assay and SW620 
cells are included here as an example. SW620 cells were seeded at 7 x 10 5 cells per T25 flask 
(Costar) in 5 ml L-15 (5% FCS, 1% L-glutamine). Flasks were then incubated overnight in a 
humidified 37°C incubator with 5% C0 2 . The following day, 5fxl of L-15 (5% FCS, 1% L- 
glutamine) carrying the appropriate concentration of test compound solubilised in DMSO was 
15 added to the flask . A no compound control treatments was also included (0.5% DMSO). The 
cells were then incubated for a defined time (24 hours) with compound. After this time the 
media was aspirated from the cells and they were washed with 5ml of prewarmed (37°C) 
sterile PBSA, then detached from the flask by brief incubation with trypsin and followed by 
resuspension in 5ml of 1% Bovine Serum Albumin (BSA, Sigma-Aldrich Co.) in sterile 
20 PBSA. The samples were then centrifuged at 2200rpm for 10 min. The supernatant was 
aspirated to leave 200^1 of the PBS/BSA solution. The pellet was resuspended in this 200|Jl 
of solution by pipetting 10 times to create a single cell suspension. One ml of ice-cold 80% 
ethanol was slowly added to each cell suspension and the samples stored at -20°C overnight 
or until required for staining. Cells were pelleted by centrifugation, ethanol aspirated off and 
25 pellets resuspended in 200jj1 PBS containing lOOjmg/ml RNAse (Sigma Aldrich) & 10fxg/ml 
Propidium Iodide (Sigma Aldrich). Cell suspensions were incubated at 37°C for 30min, a 
further 200jj1 PBS added and samples stored in the dark at 4°C overnight. 

Each sample was then syringed 10 times using 21-guage needle. The samples were 
then transferred to LPS tubes and DNA content per cell analysed by Fluorescence activated 
30 cell sorting (FACS) using a FACScan flow cytometer (Becton Dickinson). Typically 30,000 
events were counted and recorded using CellQuest vl.l software (Verity Software). Cell 
cycle distribution of the population was calculated using Modfit software (Verity Software) 
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and expressed as percentage of cells with 2N (G0/G1), 2N-4N (S phase) and with 4N (G2/M) 
DNA content. 



The compounds of the invention are active in this test at 0.3nM to lOOOOnM and in 
particular compounds 17 in table 2 was active at 1 .5uM 

5 

The invention will now be illustrated in the following non limiting examples, in which 
standard techniques known to the skilled chemist and techniques analogous to those described 
xn these Examples may be used where appropriate, and in which, unless otherwise stated- 
0) evaporations were carried out by rotary evaporation in vacuo and work up procedures were 
10 earned out after removal of residual solids such as drying agents by filtration- 

in) operations were carried out at ambient temperature, typically in the range 18-25°C and in 
an- unless stated, or unless the skilled person would otherwise operate under an atmosphere of 
an inert gas such as argon; 

(ih) column chromatography (by me flash procedure) and medium pressure B J d 
IS chromatography (MPLC) were performed on Men* KieseJgel silica (Art 9385)- 

Ov) yields are given for illustration only and are not necessarily me maximum anainable- 1 
v) me structures of the end prcducts of the formula (D were general* confirmed by nuclear 
(generally proton) magnetic msonancn (NMR) and mass spechal technique* proton magnetic 
resonance chenuca] shift values were measnmd in deuterated dimethyl sulfoxide (DMSO L 
20 (unJess otherwise stated) on me delta scale (ppm downfield torn tetramethylsilane) using one 
of the following four instruments 

- Varian Gemini 2000 spectrometer operating at a field strength of 300 MHz - 
Bruker DPX300 spectrometer operating at a field strength of 300MHz 

- JEOL EX 400 spectrometer operating at a field strength of 400 MHz 

25 - Bruker Avance 500 spectrometer operating at a field strength of 500MHz 

Peak multiplicities are shown as follows: s, singlet; d, doublet; dd, double doublet; t, triplet- a 
quartet; qu, quintet; m, multiplet; br s, broad singlet 

(vi) robotic synthesis was carried out using a Zymate XP robot, with solution additions via a 
Zymate Master Laboratory Station and stirred via a Stem RS5000 Reacto-Station at 25°C- 
30 (vii) work up and purification of reaction mixtures from robotic synthesis was carried out as 
follows: evaporations were carried out in vacuo using a Genevac HT 4; column 
chromatography was performed using eifcer an Anachem Sympur MPLC system on silica 
usmg 27 mm diameter columns filled with Merck silica (60 m , 25 g); the structures of the 
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final products were confirmed by LCMS on a Waters 2890 / ZMD micromass system using 
the following and are quoted as retention time (RT) in minutes: 



Column: 
Solvent A: 
5 Solvents: 
Solvent C : 
Flow rate: 
Run time: 
Wavelength: 
10 Mass detector: 
Injection volume 



waters symmetry C18 3.5 fim 4.6x50 mm 
H 2 0 
CH 3 CN 

methanol + 5% HCOOH 
2.5 ml / min 

5 minutes with a 4.5 minute gradient from 0-100% C 
254 nm, bandwidth 10 nm 
ZMD micromass 
0.005 ml 

(viii) Analytical LCMS for compounds which had not been prepared by robotic synthesis was 
performed on a Waters Alliance HT system using the following and axe quoted as retention 
time (RT) in minutes; 



15 Column: 
Solvent A: 
Solvent B: 
Solvent C: 
How rate: 

20 Runtime: 



2.0 mm x 5 cm Phenomenex Max-RP 80A 
Water 
Acetonitrile 

Methanol / 1% formic acid or Water / 1% formic acid 

1.1 ml /min 

5 minutes with a 4.5 minute gradient from 0-95% B + constant 5% 
solvent C 

254 nm, bandwidth 10 nm 
0.005 ml 
Micromass ZMD 

25 (ix) Preparative high performance liquid chromatography (BPLC) was performed on either 
- Waters preparative LCMS instrument, with retention time (RT) measured in minutes: 



Wavelength: 
Injection volume 
Mass detector: 



Column: 
Solvent A: 
SolventB: 
30 Flow rate: 
Run time: 
Wavelength: 
Injection volume 



0- basic Hypercil (21x100 mm) 5/*m 
Water / 0-1% Ammonium carbonate 
Acetonitrile 

25 ml / min 

10 minutes with a 7,5 minute gradient from 0-100% B 
254 nm, bandwidth 10 nm 

1- 1.5 ml 
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Mass detector : Micromass ZMD 

- Gilson preparative HPLC instrument, with retention time <RT) measured in minutes: 

21 mm x 15 cm Phenomenex Luna2 CI 8 
Water + 0.1% trifluoracetic acid, 
Acetonitrile + 0.1% trifluoracetic acid 
21ml/min 

20 minutes with various 10 minute gradients from 5-100% B 
254 nm, bandwidth 10 nm 
0.1-4.0 ml 

10 (x) intermediates were not generally fully characterised and purity was assessed by thin layer 
chromatography (TLC), HPLC, infra-red (IR), MS or NMR analysis. 



Column: 

Solvent A: 
5 Solvent B: 
Flow rate: 
Run time: 
Wavelength: 
Injection volume 



Particular examples of compounds of formula (I) are set out in Tables 1, 2 and 3: 



15 



TABLE 1 




Compound 


Rl 


R2 


1 


HCX/> 

ho ^°^y^^ 


OCH 2 -(3-chlorophenyl) 


2 
3 


HO ^ N -* 

L.^ O 


NH-CO-(3-chlorophenyl) 



HO 
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4 


* 


NH-CO-(3-chlorophenyl) 


5 


Q >-° r N > 

HO'^OH ^ 


NH-CO-(3-chlorophenyl) 


6 


OH 
0=P-OH 


NH-CO-(3-chlorophenyl) 


7 


HO. P 
HO M 


MIi-CO-(3-fluorophenyl) 


8 


HO U ^^N'' 


NH-CO-(3,4-difluorophenyl) 


9 


OH k^-N., 


TvTH" (~*C\ Vi 1 nrrvnh P.T1 vl ^ 


10 


o-s 

OH 


NH-CO-(3-chlorophenyl) 


11 


HO 0 * 

o<°^' 

OH 1 


NH-CO-(3-chlorophenyl) 


12 


HO 0 i J 
OH 


NH-CO-(3-chlorophenyl) 


13 


H °. O ^ ^ -* 

o<°^V 

OH ^ 




14 


OH > 




15 


HO n * 

OH 1 


NH-CO-(3-fluorophenyl) 
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TABUS 2 




R2 



18 



20 



ho/ 

HO 0 



N' 




HO./ 
Hd 



HO.-P 



HO 



HO °V / \ 



HO.P 
HO 



NH-CO-(3-cMoro,4-fluorophenyl) 



NH-CO-(3-chloro-4-fluorophenyI) 




NH-CO-(3-chlorophenyl) 



CH2NH-(3-chloro-4-fluorophenyl) 



OCH 2 -(3-chIoro-4-fluorophenyl) 



TABLE 3 



HN 

Me °TrS 




N 
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Compound 


Rl 


R2 


21 




NH-CO-(3-chloro-4-fluorophenyl) 


22 


HO.P 

1 

* 


NH-CO-(3-chloro-4-fluorophenyl) 



Example 1 - Preparation of Compound 1 in Tab le 1 - 3-r(3-{f4-(f 64(3- 

5 ch1orobenzvttoxvrovridin-* -Yn a ™^ 
methvlbutvl dihvdrogen phosphate 

3-[(3-{ [4-({6-[(3-chlorobenzyl)oxy]pyridin-3-yl } amino)-6-methoxyqumazolin-7- 
yl]oxy}propyl)amino]-3-methylbutan-l-ol (1.7 g, 3.1 mmol) and dry lH-tetrazole (647 mg, 
9.23 mmol) were dissolved with heating (50 °C) in dry dimethylacetamide (8 ml) under a 

10 nitrogen atmosphere. Di-terf-butyl-iV^-diethylphosphoramidite (1.2 ml, 4.3 mmol) was 
added dropwise to the reaction mixture and left to stir at ambient temperature for 20 hours. 
The reaction mixture was diluted with dichloromethane (160 ml) and washed with aqueous 
sodium bicarbonate solution (50 ml of a saturated solution). The aqueous layer was further 
extracted with dichloromethane. (150 ml) and the combined organic layers were dried (sodium 

15 sulphate), filtered and concentrated under reduced pressure to yield di-tert-butyl 3-[(3-{ [4- 
({6-[(3-chlorobenzyl)oxy]pyridm-3-yl}amino)-6-methoxyquinazolin-7- 
yl]oxy}propyl)amino]-3-methylbutyl phosphite as a viscous, yellow oil. This was dissolved in 
tetrahydrofuran (10 ml) and hydrogen peroxide (680 [H of a 30 % w/w aqueous solution, ~ 8.8 
N, 6.00 mmol) was added slowly at 0 °C. The reaction was warmed to ambient temperature 

20 over 10 minutes. The resulting homogeneous solution was stirred for 2 hours then cooled to 0 
°C and a solution of sodium metabisulphite (11.5 ml of a 0.53 N aqueous solution) was 
introduced dropwise. The reaction was warmed to ambient temperature over 15 minutes then 
diluted with ethyl acetate (100 ml). Aqueous sodium bicarbonate solution (100 ml of a 
saturated aqueous solution) was added, the phases separated and the aqueous layer further 

25 extracted with ethyl acetate (3 x 100 ml). The combined organic layers were dried (sodium 
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sulphate), filtered and concentrated under reduced pressure to yield di-^-butyl 3-E<3-{[4- 
({6-r(3-cMoroben Z yl)oxy]pyridM^^ 

yl]oxy} P ropyl)arnino]-3- m ethylbutyl phosphate as a viscous, yellow oil (1.97 g) which was 
used m the next step of the reaction sequence without further purification 
5 31 P-NMR{ , H}(CDCl 3 ):-8.73(s,lP): 
MS (+ve ESI): 744 (M+H) + . 

Hydrogen chloride (4.30 ml of a 4.0 N solution in 1,4-dioxane, 17.2 mmol) was added 
dropw.se to a solution of the crude phosphate ester (1.97 g) in 1,4-dioxane (86 ml) upon 
^awhitesoHdpxeci^ 
10 reactxon mixture was stirred for a further 19 hours and diethyl ether was added (100 ml) The 
precipitate was filtered and washed with diethyl ether (3 x 30 ml) then dried under high 
vacuum for 48 hours to yield the title compound, 3-[(3- {[ 4-( { 6-C(3^^ 
3-yl}amino)-6-memoxy q umazohn-7-yl]oxy}propyl)arnmo]-3^^ , 
phosphate (di-hydrochloride salt) as an off-white solid (1.7 g 91 % yield) ■ 

15 zt^ 1186 cs ' 9 - 12 °* s > 2H) ' 881 cs ' ih) > 8 - 53 * ih) ' 8 - 5 ° « ^ 

8.08 (dd, 1H), 7.54 (br s, 1H), 7.46-7.39 (m, 4H), 7.05 (d, 1H), 5.41 (s, 2H), 4.34 (t, 2H), 4.05 
s, 3H), 3.98 (dd, 2H), 3.11 (br s. 2H), 2.30 (m, 2H), 2.05 a 2H), 1.36 (s, 6H) : ? 
P-NMR {^XDMSO-de): -0.05 (s, IP) : 
MS (-ve ESI): 630 (M-H)\ 
20 MS(+veESl):632(M+H) + . f 

3-[(3-{[4-({6-[(3-chlorobenzyl)oxyJ P yridm-3-yI}amino)-6-me^ 

yl]oxy}propyl)amino]-3-methylbutan-l-ol, used as the starling material, was obtained as 
follows: 

a) A Ate of Z-amino^-benzyloxy-S-methoxybenzamide (10 g, 0.04 mol), (prepared 
25 according u, J. Med. Che m . ism, 20, M6-149), and GoWa reagent (7.4 g , 0.05 mol) in 
dioxane (100 mi) was stirred and heated at reflux for 24 hours. Sodium acetate (3.02 g 0 04 
mol) and acetic acid (1.65 ml, 0.03 mol) were added to me reaction mixture and i, waa heated 
for a further 3 houn, The volatilea were removed by evaporation and water waa added to the 
residue. The aolid was collected by fltaauon, washed with water and dried. RecrystalUsaUon 
30 from acetic acid yMded ^(bcnzylox^-fi-methoxyouinazohn^-one (8.7 g, 84 % yield) as 
a white solid. 

b) Chloromethyl pivalate (225ml, 1.56 mol) was added dropwise to a stirred mixture of 
7-(benzyloxy)-6-methoxyquinazolin-4(3^.one (400 g, 1.42 mol) and potassium carbonate 
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(783 g, 5.67 mol) in dimethylacetamide (5500 ml). The reaction was heated to 90 °C for 4 
hours. The reaction was cooled and filtered to remove inorganic salts. The filtrate was 
concentrated in vacuo to yield, crude [7-(benzyloxy)-6-methoxy-4-oxoquinazoHn-3(4i3)- 
yljmethyl pivalate (562 g, 100 % yield) : 
5 X H-NMR (DMSO-dg) : 8.33 (s, 1H), 7.30-7.50 (m, 6H), 7.25 (s, 1H), 5.90 (s, 2H), 5.25 (s, 
2H), 3.88 (s, 3H), 1.10 (s, 9H) : 
MS (+veESI):397(M+H) + . 

c) 10 % palladium on carbon (56 g, 53 mmol) was added to a solution of [7- 
(benzyloxy)-6-methoxy-4-oxoquinazolin-3(4i?)-yl3methyl pivalate (562 g, 1.42 mmol) in 

10 dimethylacetamide (3500 ml) at ambient temperature and stirred for 3 hours under an 
atmosphere of hydrogen (1 bar). The reaction was filtered through a pad of celite and the 
solvent evaporated in vacuo. The residual solid was dissolved in 20 % methanol in 
dichloromethane and passed through a pad of silica gel. Evaporation of the solvent in vacuo 
followed by trituration with methanol yielded, (7-hydroxy-6-methoxy-4-oxoquinazolin- 

15 3(4#)-yl)methyl pivalate (188 g, 43 % yield) : 

'H-NMR (DMSO-d 6 ) : 8.25 (s, 1H), 7.45 (s, 1H), 6.97 (s, 1H), 5.85 (s, 2H), 4.04 (s, 1H), 3.87 

(s,3H), 1.10 (s,9H): 

MS (+veESI): 307 (M+H) + . 

d) A mixture of (7-hydroxy-6-memoxy-4-oxoquinazolin-3(4^0-yl)methyl pivalate (100 
20 g, 0.33 mol), 3-bromopropanol (49.3 g, 0.35 mol) and potassium carbonate (133 g, 0.96 mol) 
in dimethylformamide (500 ml) was stirred at 80 °C for 20 hours. The reaction was cooled 
and concentrated to quarter volume in vacuo. The residue was poured into ice/water (1500 ml) 
and the resulting solid collected by suction filtration. Purification by crystallisation from 
ethanol, yielded 7-(3-hydroxypropoxy)-6-methoxy-4-oxoquinazolin-3(4i?)-yl methyl pivalate 
25 (33.8 g, 41 % yield) as a beige solid : 

^-NMR (DMSO-d 6 ) : 7.95 (s, 1H), 7.43 (s, 1H), 7.10 (s, 1H), 4.16 (t, 2H), 3.86 (m, 5H), 
2.08 (t, 2H), 1.12 (s,9H): 
MS (+ve ESI): 365 (M+H) + . 

e) An aqueous sodium hydroxide solution (100 ml, 0.20 mol) was added to a solution of 
30 yielded 7-(3-hydroxypropoxy)-6-memoxy-4-oxoqmnazolin-3(4i3)-y] methyl pivalate (33.8 g, 
93.0 mmol) in methanol (300 ml) and the solution heated to reflux for 1 hour. The methanol 
was evaporated in vacuo, the residue was acidified with aqueous hydrochloric acid, sodium 
bicarbonate was added and the solid was collected by suction filtration. Washing with water 
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and drying yielded 7-(3-hydroxypropoxy)-6-methoxyquinazolin-4(3fl)-one (26 g, 95 % 
yield): 

'H-NMR (DMSO-d*) : 7.96 ( S , 1H), 7.4! (s, 1H), 7.07 (s, 1H), 4.14 (t, 2H), 3.84 (s, 3H), 3.55 
(t, 2H), 1.90 (t, 2H) : 

5 MS (+veESI): 251 (M+H) + . 

f) 7-(3-hydroxypropoxy)-6-methoxyquinazolin-4(3fi)-one (25.0 g, 100 mmol) was added 
slowly to a solution of dimemylformamide (1 ml) in thionyl chloride (250 ml). The mixture 
was heated to reflux for 4 hours then cooled and the solvents evaporated in vacuo. The 
residue was dissolved in dichloromethane and washed with aqueous sodium bicarbonate, 
10 brine, dried over magnesium sulphate and evaporated. Trituration and collection of the solid 
by suction filtration yielded 4-chloro-7-(3-chloropropoxy)-6-methoxyquinazoline (19.5 g, 68 
% yield) as a yellow solid : 

1 H-NMR (CDCI3) : 8.85 (s, 1H), 7.40 (s, 1H), 7.38 (s, 1H), 4.38 (t, 2H), 4.03 (s, 3H), 3.8 (t * 
2H), 2.40 (m, 2H) : .{ 

15 MS (+veESI):287(M+H) + . _ •• 

g) 4 -chloro-7-(3-chloropropoxy)-6-methoxyquinazoline (574 mg, 2.00 mmol) and ; 
5-amino-2-(3-chlorobenzyloxy)pyridine (468 mg, 2.0 mmol, see-patent WO 0121597) were '% 
heated in dimethylacetamide (10 ml) at 100 °C for 4 hours. The reaction was cooled to 
ambient temperature and the solid collected by suction filtration and washed with diethyl 
20 ether (25 ml) and acetone (5 ml). Drying in vacuo yielded N-{6-[(3- 

chlorobenzyl) 0 xy]py^^ (64Q ^ 

66 % yield) as a white solid : 

'H-NMR (DMSO-d,) : 11.60 (s, 1H), 8.78 (s, 1H), 8.46 (s, 1H), 8.37 (s, 1H), 8.04 (dd, 1H), 
7.52 (s, 1H), 7.39 (s, 1H), 7.03 (d, 1H), 5.39 (s, 2H), 4.29 (t, 2H), 4.01 (s, 3H), 3.82 (t, 2H) 
25 2.29 (m,2H): 

MS (+ve ESI): 485.5 (M+H) + . 
h) ^-[(3-cMorobenzyl^ 

4-amine (1.83 g, 3.77 mmol), 3-amino-3-methylbutanol (1.94 g, 18.9 mmol) and potassium 
iodide (62 mg, 0.38 mmol) in dimethylacetamide (10 ml) was heated at 90 °C for 16 hours. 
30 The mixture was cooled, poured into 2.0 N aqueous ammonia (150 ml) and the supernatant 
decanted off and extracted with ethyl acetate (2 x 50ml). The insoluble gum was dissolved in 
dichloromethane/methanol mixture, combined with the ethyl acetate fraction and evaporated 
in vacuo. Purification by flash chromatography on silica gel, eluting with dichloromethane : 
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methanol : aqueous ammonia (100:5:0.3 to 100:25:2) yielded 3-[(3-{[4-({ 6-[(3- 

cMorobenzyl)oxy]pyridin-3-yl}aimno)-6^ 

methylbutan-l-ol (1.56 g, 75 % yield) as an off-white solid : 

^-NMR (DMSO-d 6 ): 9.52 (s, 1H), 8.40 (m, 2H), 8.09 (dd, 1H), 7.80 (s, 1H), 7.53 (s, 1H), 
5 7.41 (m, 3H), 7.18 (s, 1H), 6.97 (d, 1H), 5.38 (s, 2H), 4.19 (t, 1H), 3.96 (s, 3H), 3.52 (t, 2H), 
2.64 (t, 2H), 1.88 (t, 2H), 1.51 (t, 2H), 1.03 (s, 6H) : 
MS (-ve ESI): 550.7 (M-H)", 
MS (+ve ESI): 552.7 (M+H) + . 

10 Example 2 - Preparation of Compound 2 in Tab le 1 - 34(3-(r4-tf 6-K3 
chlorohenzovDanunolPvridin-3- yl^ 
3-methvlbutvl dihvdrogen phosphate 

Di-terr-butyl-N^V-diethylphosphoramidite (660 mg, 2.65 mmol) was added slowly to a 
mixture of 3-chloro-iV-{5-[(7-{3-[(3-hydroxy-l ,l-dimemylpropyl)amino]propoxy}-6- 

15 memoxyqmnazolin-4-yl)amino]pyridin-2-yl}benzamide (742 mg, 1.31 mmol) and 1H- 
tetrazole (273 mg, 3.9 mmol) in dimethylacetamide (1.7 ml). The reaction was stiired under 
an inert atmosphere at ambient temperature for 24 hours during which a further portion of di- 
?ert-butyl-iV,iV-diethylphosphoramidite (330 mg, 1.32 mmol) was added. Dichloromethane (34 
ml), methanol (1.7 ml) and 20 % aqueous potassium hydrogen carbonate solution (5 ml) were 

20 added and the reaction mixture stirred briefly. The aqueous layer was removed by filtration 
through a Varian CE1020 Chem Elut Hydromatrix cartridge. Solvent evaporation in vacuo 
gave a yellow oil which was taken up in tetrahydrofuran (2 ml), cooled to 0 °C and treated 
with 30 % aqueous hydrogen peroxide (0.4 ml, 3.9 mmol). The mixture was allowed to warm 
to ambient temperature and stirred for 2 hours. The reaction was cooled to 0 °C, quenched 

25 with aqueous sodium metabisulphite, treated with 20 % aqueous potassium hydrogen 
carbonate and extracted into 10:1 dichloromethane : methanol (4 x 10 ml). Solvent 
evaporation in vacuo gave a yellow oil, which was taken up in dioxane (40 ml) and treated 
dropwise with a 4.0 N solution of hydrogen chloride in dioxane (1.96 ml, 7.86 mmol). The 
white slurry was stirred at ambient temperature for 18 hours, diluted with an equal volume of 

30 dichloromethane and the solution absorbed onto flash silica. Purification by flash 

chromatography, eluting with dichloromethane : methanol: formic acid : water (100:20:3:3 to 
100:40:10:10), yielded the title compound (as the trihydrochloride salt, 380 mg, 38 % yield) 
as a pale yellow solid :. 
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'H-NMR (DMSO-d,-, CD3COOD): 8.80 (s, 1H), 8.73 (d, 1H), 8.30 (m, 2H), 8.19 (dd 1H) 
8.04 (m, 1H), 7.96 (d, 1H), 7.60 (m, 1H), 7.50 (t, 1H), 7.39 (s, 1H), 4.31 (t, 2H), 4.02 (xn, 5H) 
3.11 (t, 2H), 2.27 (m, 2H), 2.04 (m, 2H), 1.35 (s, 6H) : 
31 P-NMR (DMSO-dg + CD 3 COOD): 0.08 (s, IP): 
5 MS (+ve ESI): 645.7, 647.7 (M+H) + 

3-cWoro-^-{5-[(7.{3-[(3-hydroxy-ia-dimethylpropyl^^ 

mefcoxyqumazol^ used ^ ^ ^ 

obtained as follows: 

a) 3-chlorobenzoyl chloride (22.1 g, 127 mmol) was added dropwise to a stirred solution 
10 of 2-^0-5-^^^ (16.0 g, 115 xnmol) in pyridine (240 ml) and heated to 100 °C for 

16 hours. The solution was evaporated in vacuo, the resulting solid was taken-up in 
dicWoromethane (200 ml) and eluted through silica gel (800 g), with dichloromethane The 
relevant fractions were combined and concentrated under reduced pressure to yield 3-chW 
^-mtropyridin^-yObenzamide (31.6 g, 99 % yield) as an off-white solid - 
15 'H-NMR CDMSO-d*): 11.64 (s, IB), 9.20 (d, 1H), 8.63 (dd, 1H), 8.40 (d, 1H), 8.06 (s, 1H) >. 
7.98 (d, 1H), 7.69 (d, 1H), 7.55 (dd, 1H) : > 
MS (-ve ESI) 276 (M-H)", X 
MS (+ve ESI): 278 (M+H) + . 

b) 3-C W oro-iV-(5-nitropyridin-2-yl)benzamide (31.5 g, 113 mmol) and 10 % platinum on 
20 carbon (3.6 g)in dichloromethane was stirred under a hydrogen atmosphere (1 bar pressure) 
for 18 hours. The suspension was filtered through Celite®, the filter cake was washed with 
ethyl acetate : ethanol (10:1, 1400 ml) and the filtrate concentrated under reduced pressure to 
yield ^(5-aminopyridin-2-yl)-3-chloroben Z amide (26.3 g, 94 % yield) as an off-white 
powdery solid : 

25 'H-NMR (DMSO-d 6 ): 10.50 (s, 1H), 8.03 (s, 1H), 7.96 (d, 1H), 7.80 (d, 1H), 7.76 (d, 1H) 
7.61 (d, 1H), 7.52 (dd, 1H), 7.04 (dd, 1H), 5.22 (s, 2H) : 
MS (-ve ESI): 246 (M-H)", 
MS (+ve ESI): 248 (M+H) + . 

c) ^chloro^-O-chloropropoxy^e-methoxyquinazoHne (2.87 g, 10.0 mmol) and N-(5- 
30 aimno P yridin-2-yl)-3-chloroben 2 amide (2.54 g, 10.0 mmol) were suspended in dry 

dimethylacetamide (100 ml) under a nitrogen atmosphere and warmed to 50 °C. Hydrogen 
chloride (2.5 ml of a 4.0 N solution in 1,4-dioxane, 10 mmol) was added dropwise, causing 
prestation of a yellow solid from the reaction mixture. The resulting heterogeneous reaction 
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mixture was stirred for 4.5 hours at 80 °C then cooled to ambient temperature. Diethyl ether 
(200 ml) was added and the solid collected by suction filtration to yield 3-chloro-JV-(5-{[7-(3- 
cWoropropoxy)-6-methoxyquinazolin-4-yl]ammo}pyridin-2-yl)benzamide hydrochloride as a 
pale yellow solid (4.83 g, 90 % yield) : 
5 X H-NMR (DMSO-d 6 ): 11.64 (bar s, 1H), 11.04 (br s, 1H), 8.83 (s, 1H), 8.75 (d, 1H), 8.39 (s, 
1H), 8.25 (d, 1H), 8.18 (dd, 1H), 8.08 (s, IB), 7.97 (d, 1H), 7.65 (d, 1H), 7.55 (t, 1H), 7.39 (s, 
1H), 4.30 (t, 2H), 4.03 (s, 3H), 3.82 (t, 2H), 2.29 (m, 2H) : 
MS (-ve ESI): 496.3 (M-H)\ 
MS (+veESI): 498.3 (M+H) + 

10 d) 3-chloro-iV-(5-{ [7<3-chloropropoxy)-6-memoxyquinazolin^-yl]amino}pyridin-2- 
yl)benzamide hydrochloride (1.07 g, 2.00 mmol), 3-amino-3-methylbutanol (1.03 g, 10.0 
mmol) and potassium iodide (32 mg, 0.2 mmol) in dimethylacetamide (2.5 ml) was heated at 
80 °C for 4 days. The mixture was cooled, diluted with dichloromethane (25 ml) and the 
solution absorbed onto silica gel. Purification by flash chromatography, eluting with 

15 dichloromethane : methanol : aqueous ammonia (100:5:0.5 to 100:25:2), yielded 3-chloro-A^- 
{5_[(7-{3-[(3-hydroxy-l,l-dimemylpropyl)amino]propoxy}-6-methoxyquinazolin-4- 
yl)amino]pyridin-2-yl}benzamide as a pale yellow solid (804 mg, 71 % yield) : 
1 H-NMR (DMSO-d 6 ): 10.92 (br s, 1H), 9.68 (s, 1H), 8.80 (s, 1H), 8.48 (s, 1H), 8.29 (d, 1H), 
8.19 (d, 1H), 8.08 (s, 1H), 8.00 (d, 1H), 7.88 (s, 1H), 7.66 (d, 1H), 7.55 (dd, 1H), 7.20 (s, 1H), 

20. .4.20 (t, 2H), 3.97 (s, 3H), 3.50 (m, 2H), 2.74 (t, 2H), 1.94 (m, 2H), 1.57 (m, 2H), 1.07 (s, 6H) 

MS (-ve ESI): 563 (M-H)\ 
MS (+ve ESI): 565 (M+H) + 

25 Example 3 - Preparation of Compound 3 in Table 1 - 2-r(3-(r4-tf6-r(3 
chlorobenzovl)amino1pvridm-3-vl>ainino)-6-methoxvquinazolm-7- 
vl1oxv>propyI)(ethvl)ammo1ethvl dihydrogen phosphate 

An analogous reaction to that described in example 2, but starting with 3-chloro-AT-{5- 
[(7_{3_[ethyl(2-hydroxyemyl)amino]propoxy}-6-memoxyqmnazohn-4-yl)amino]pyri 
30 yl}benzamide (244 mg, 0.443 mmol), yielded the title compound (as the trihydrochloride salt, 
174 mg, 53 % yield) as a pale yellow solid : 

! H-NMR (DMSO-ds + CD 3 COOD): 8.79 (s, 1H), 8.71 (d, 1H), 8.31 (d, 1H), 8.16 (dd, 1H), 
8.08 (s, 2H), 8.00 (d, 1H), 7.63 (m, 1H), 7.53 (m, 2H), 4.41 (t, 2H), 4.20 (m, 2H), 4.02 (s, 
3H), 3.41 (m, 2H), 3.32 (t, 2H), 3.26 (q, 2H), 2.24 (m, 2H), 1.28 (t, 3H) : 
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MS (+ve ESI): 631.6 and 633.6 (M+H) + . 

3 - *°'°*(5-K7-(3- t eihy^^ 

yDanunoJpyridin-a-yDbanzanude, used as the starring Serial, was obtained as described in 
example 2d but starting with ^(emytanino^ano! (334 tug, 3.75 mmol). He reaction 

4- yl)anuno]pyrimn-2-yl)benzanride (304 mg. 74 % yield) aa a pale yellow solid • 
H-NMR (PMSO-d,): 9 . 59 (s , m _ 8 . 77 ((J ^ w fc ^ g 

8.07 ft 1H), 7.98 (d, 1H), 7.81 (a, IH). 7.65 (m, 1H), 7.54 ft IH), 7.18 (a, IH). 4.26 (Jh) 

10 Tt I'' 96 3H)> 3 ^ 2 <( ' m 2 50 «* 4H >' 198 •« ft 310 : 

10 MS (-ve ESI): 549.6 (M-H)-, . 

MS (+veESI): 551.5 (M+H) + . 

Example 4 ■ Preparation nf r^ p ound 4 iw TgMq 1 , 2 n =fl=fl a=flfe[g < ! 

£ M°r 0 ben Z o Y i) ammo1 p ^^^ V 

15 yI]oxy>pronyl) D i D eridin.^. Y i HJlv i djhjgrogeg phosphate A 

CC7- 3 "W^ 

^Dbenzanude (286 mg, 0.48 mmol), yielded the title co m pound (as the trihydroehlonde * 
salt, 114 mg, 31 % yield) as a pale yellow solid • 

20 ,tr.rr* + cD3cooD>: 8 - 92 (s - iH> - 871 * iH> - 8:31 «■ ih >- 0* ih), : ; 

3 9 9 S ' ™ , " IH)> 7 ^ 1H)> ^ 1H> - 7 M fo 1H3 > « 2 * *V,4.0 3 (a, 3H), 
3.96 (to, 2H), 3.30 fa. 5H), 2.30 (nt, 2H). 1.95 (m, 4H), 1.74 (m, 4H), 1.52 (m, 2H) • 
MS (+ve ESI): 671.7 and 673.7 (M+H)* 

^*(5-[(7-I3-[2-(2-hydroxye tt y,)p ip e^ 

25 yOaunnoJpyridin^ylJbenzamide, usee aa the starting material, waa obtained as deseribed in 

example 2d bu, starting with 2-<hyd r oxyemyl)p i peridine (1.29 g, 10.0 mmol). Tie reaction 

yelded 3-chloto* { 5- [ C7-{3-r2-(2-hydroxyemyI)piperidin-l-yl)pro P „ X y,. 6 . 

memoxyoutoazoBn^ammoJpyridm-Z-y^benzamide (913 mg, 77 % yield) aa a pale 
yellow solid: F 

30 T^T^T 1091 fe m - 9J2 * s - 1H) - 881 ( * lH) - 846 * 829 « 

8 20 d, IH), 8.10 ft IH), 8.00 (d. IB), 7.9, (s, IH), 7.65 (m, IH), 7.55 ft IH), 7.20 (s. 1H> 
4^ ft 2H), 3 99 (s, 3H), 3.50 (m, 2H). 3.00 (m, 2H>, 2.80 (m, 2H), 260 (m, 1H ), 2.03 (m, 
2H), 1.93 (m, IH), 1.72 (m, IH), 1.57 (m, 4H), 1.39 (m. 2H) : 
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MS (-ve ESI): 589.6 (M-H)\ 
MS (+ve ESI): 591.5 (M+H) + 

Example 5 - Preparation of Compound 5 in Table 1 - r(2R)-l-(3-ir4-(T6-r(3- 
5 chlorobenzov])aminn1p Y ridin-3-vnaniino)-6-methoxvauinazoliii-7- 
Ynoxv>propvl)pv rrolidin-2-vnmethyl dihvdrogen phosphate 

An analogous reaction to that described in example 2, but starting with 3-chloro-iV-{5- 
[(7-{3-[(2#)-2-(hydroxymemyl)pyrroh^ 

yl)amino]pyridin-2-yl}benzamide (78 mg, 0.139 mmol), yielded the title compound (as the 

10 trihydrochloride salt, 49 mg, 47 % yield) as a pale yellow solid : 

X H-NMR (DMSO-d 6 + CD 3 COOD): 8.85 (s, 1H), 8.74 (m, 1H), 8.32 (d, 1H), 8.21 (m, 2H), 
8.09 (s, 2H), 7.99 (d, 1H), 7.66 (m, 1H), 7.55 (t, 1H), 7.44 (s, 1H), 4.35 (m, 2H), 4.21 (m, 
1H), 4.12 (m, 1H), 4.04 (s, 3H), 3.80 (m, 1H), 3.65 (m, 1H), 3.50 (m, 1H), 3.28 (m, 2H), 2.32 
(m, 2H), 2.19 (m, 1H), 1.95 (m, 3H) : 

15 MS (+ve ESI): 643.6, 645.6 (M+H) + . 

3-cMoro-iy--{5-[(7-{3-[(22e)-2-(hydroxymemyl)pyrrohdin-l-yl]propoxy}-6- 
memoxyqmnazohn-4-yl)amino]pyridin-2-yl}benzamide used as the starting material was 
obtained as follows: 

A mixture of 3-cWorcK^-(5-{[7-(3-chloropropoxy) 7 6-methoxyquinazolin-4- 
20 yl]amino}pyridin-2-yl)benzamide (100 mg, 0.20 mmol), (27?)-pyrroHdin-2-ylmethanol (102 
mg, 1.00 mmol) and tetra-n-butylammonium iodide (7.5 mg, 0.02 mmol) in 
dimethylacetamide (1 ml) was heated at 60 °C for 17 hours. The mixture was cooled and 
diluted with dichloromethane (10 ml) and purified by flash chromatography on silica gel, 
eluting with dichloromethane : methanol : 7.0 N ammonia in methanol (9:1:0 to 9:1:0.8) 
25 yielded 3-chloro-i\^{5-[(7-{3-[(2R)-2-(hydroxymemyl)pyrroHdin-l-yl]propoxy}-6- 

methoxyqumazolin-4-yl)amino]pyridin-2-yl}benzamide (107 mg, 95 % yield) as a yellow 
solid : 

^-NMR CDMSO-ds): 10.96 (s, 1H), 9.76 (s, 1H), 8.82 (d, 1H), 8.48 (s, 1H), 8.30 (dd, 1H), 
8.21 (d, 1H), 8.10 (s, 1H), 8.00 (d, 1H), 7.94 (s, 1H), 7.67 (d, 1H), 7.55 (dd, 1H), 7.21 (s, 1H), 
30 4.20 (t, 2H), 3.98 (s, 3H), 3.48 (m, 2H), 2.73 (m, 2H), 1.55-2.15 (m, 7H) : 
MS (-ve ESI): 561.5 (M-H)', 
MS (+ve ESI): 563.6 (M+H) + 
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Example 6 - Preparation of ComnnnnW * , n Tahlft t . , , 3 . f r4 . rrfi . r( ^ 
cfrorobenzoynaminolp,^ 

ylloxYlpropyDniperidin^-y i^^ ^ dihyrfr,.^ BhogBhate 

2-yI benza^de (200 mg , 0.34 ^ol), yielded the title compound (as the ^hydrochloride 
salt, 137 mg, 45 % yield) as a pale yellow solid • 

■H^NMR CDMSOd, + C^COOD): S.S2 (a, IH ), 8.75 ft ,H), 8.35 ( s , m , s.2, (m , ^ 
MS (+veESD: 671.7, 673.7 (M+H) + 

*>™«-2-yl}^ ■ 
ex™p k 2d b „ tstartngwifll2 ^^ yl)ethmo)(173n)li2oo ; 

^tT^ yl)amin0]Pyildil, " 2 ' yl,ba,21in,ide (1 - 4 * 59 % »"> » • solidl 

20 ™ 4 3 » . 0 J' ^ 8 -°° <4 1H)> 7 84 <S ' 1S> ' 7 64 <* 7 58 7.21 d 

™ £ m 3 fe 3H) " 3 48 Cm ' 2 73 <»■ 2H)> 2.41 (m. 2H) 1 98L 

1.80 (m> 3H), 1.60 (d,2H), 1.45 (brs,2H), 1.05-1.20 (m,2H): 
MS (-ve ESI): 589.5 (M-H)", 

MS C+veESI): 591.5 (M+H)* 



25 7 - Prenaratlon „f r^^ ^g 7 ,„ Tahl . , . MttMu ^^ f K ^ 

flu.rob enMy |)a m in. 1 Dvr lrt in.^ Tl) .„ i . lo1 ^. m< , >h „„ 1 „ 1 „ 

yllO!iT}proPYltomino1rfhyl Ji hTdrm» m n hn^ l.,«„ 

Di- te «-butyl-Ar,A M i et h y lp hosphoiamjdite (630 mg ^ ^ ^ ^ 

mixture of 3-fl»°ro.A f .{5-[n- ( 3- [ c t hyl(2-hyd ro xycthy])a m i„o]propoxy,-6- 
30 ^-yquina^^)^^.^,^^ ^ mg ^ 

tetrazole (176 mg , 2.52 ^) in dtarethyiacetanude (10 ml). The reaction waa stirred under 
an tner. ahnoaphere at ambient temperatnre for 160 minute, Diehloromemane (100 ml) and 
20 % aqueoua potaaaium hydrogen earbonate sohttion (5 ml) were added and the reaction 
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mixture stirred briefly. The aqueous layer was removed by filtration through a Varian CE1020 
Chem Elut Hydromatrix cartridge and the organic fraction was evaporated in vacuo to give a 
yellow oil which was taken up in tetrahydrofuran (5 ml). The soltion was cooled to -5 °C, 30 
% aqueous hydrogen peroxide (0.21 ml, 1.89 mmol) was added slowly and the reaction was 
5 stirred at 0 °C for 1 hour. The reaction was washed with aqueous sodium metabisulphite and 
20 % aqueous potassium hydrogen carbonate solution and extracted into dichloromethane. 
Solvent evaporation in vacuo gave a yellow oil which was purified by chromatography on 
silica gel, eluting with dichloromethane : methanol : concentrated aqueous ammonia 
(200:16:1) to yield a pale yellow oil. This was taken up in dioxane (20 ml) and treated 
10 dropwise with a 4.0 N solution of hydrogen chloride in dioxane (1.89 ml, 7.56 mmol). The 
white slurry was stirred at ambient temperature for 18 hours, diluted with methanol (40 ml) 
and dichloromethane (40 ml) and the solution absorbed onto flash silica. Purification by flash 
chromatography, eluting with dichloromethane : methanol : formic acid : water (100:20:3:3 to 
100:40:10:10), yielded the title compound (as the trihydrochloride salt, 324 mg, 37 % yield) 
15 as a pale yellow solid : 

*H-NMR CDMSO-de+ CD 3 COOD): 8.82 (d, 1H), 8.58 (s, 1H), 8.30 (dd, 2H), 8.20 (d, 1H), 
7.92 (s, 1H), 7.88 (d, 1H), 7.83 (d, 1H), 7.53 (dd, 1H), 7.39 (m, 1H), 4.24 (t, 2H), 4.08 (m, 
2H), 3.99 (s, 3H), 3.26 (m, 6H), 2.24 (m, 2H), 1.25 (t, 3H) : 
31 P-NMR (DMSO-de + CD3COOD): 1.68 (s, IP) : 
20 MS (+ve ESI): 615.5 (M+H) + 

3-fluoro-iV-{5-[(7-{3-[emyl(2-hydroxyemyl)aniino]propoxy}-6-memoxyquinazoHn-4- 
yl)amino]pyridin-2-yl}-benzamide, used as the starting material, was obtained as follows: 
a) An analogous reaction to that described in example 2a but starting with 3- 
fluorobenzoyl chloride (4.95g, 31.2mmol) yielded ^-(5-nitropyridin-2-yl)-3-fluorobenzamide 

25 as a light yellow solid (6.44 g, 88 % yield) : 

J H-NMR (DMSO-d.5): 11.58 (br s, 1H), 9.21 (s, 1H), 8.64 (dd, 1H), 8.42 (d, 1H), 7.87 (m, 
2H), 7.58 (m, 1H), 7.46 (m, 2H) : 
MS (-ve ESI): 260 (M-H)", 
MS (+ve ESI): 262 (M+H) + . 

30 b) An analogous reaction to that described in example 2b but starting with iV-(5- 

nitropyridin-2-yl)-3-fluorobenzamide (5.8g, 22.2mmol) yielded Ar-(5-aminopyridin-2-yl)-3- 
fluorobenzamide as a cream solid (5.0 g, 96 % yield ): 
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'H-NMR (DMSO-d 6 ): 10.38 (br s, 1H), 7.79 (m, 4H), 7.55 (m, 1H), 7.38 (t, 1H), 7.01 (dd, 
1H), 5.18 (br s, 2H) : 
MS (-ve ESI): 230 (M-H)", 
MS (+ve ESI): 232 (M+H) + 
5 c) An analogous reaction to that described in example 2c but starting with iV-(5- 
aminopyridin-2-yl)-3-fluorobenzamide (0.69 g, 3.0 mmol) yielded 3-fluoro-^-(5-{[7-(3- 

chloropropoxy)-6- m ethoxyqumazohn^-yl]annno}pyridin-2-yl)benzamide hydrochloride as a 
pale yellow solid (1 .52 g, 98 % yield) : 

'H-NMR CDMSO-d^): 11.78 (brs, 1H), 11.02 (brs, 1H), 8.84(s, 1H), 8.76 (d, 1H), 8.45 (s, 
10 1H), 8.21 (m, 2H), 7.86 (m, 2H), 7.55 (m, 1H), 7.43 (m, 2H), 4.28 (t, 2H)> 4.03 (s, 3H), 3.81 
(t, 2H), 2.28 (m, 2H) : 
MS (-ve ESI): 480.0 (M-H)', 

MS C+ve ESI): 482.0 (M+H) + 4 
d) An anlogous reaction to that described in example 2d but starting with 3-fluoro-N-(5^ 
15 {[7-(3-cWoropropoxy)-6-memoxyqumazohn-4-yl3aimno}pyridin-2-yl)benza^ 

hydrochloride (1.03 g, 2.00 mmol) and 2-(ethylamino)ethanol (0.89 g, 10.0 mmol) yielded 3^ 

fluoro-iV-{5-[(7-{3-[emyl(2-hydroxyemyl)amino]propoxy}-6-memoxyquinazolin-4- •? 
yl)amino]pyridin-2-yl}-benzamide (667 mg, 62 % yield) as a pale yellow solid : 
'H-INIMR (DMSO-d 6 ): 9.59 (s, 1H), 8.77 (d, 1H), 8.44 (s, 1H), 8.26 (dd, 1H)„ 8.19 (d, 1H), ; 
20 7.85 (m, 3H), 7.56 (m, 1H), 7.42 (m, 1H), 7.17 (s, 1H), 4.35 (br s, 1H), 4.18 (t, 2H), 3.96 (s, 

3H), 3.44 (q, 2H), 2.44 (m, 6H), 1.91 (m, 2H), 0.97 (t, 3H) : 

MS (-ve ESI): 533.6 (M-H)", 

MS (+veESI): 535.6 (M+H) + . 



25 Example 8 - Preparatio n of Compound 8 in Tabta 1 - 
24(3-fr4-f{6-r(3,4-difl norobenzoyl)ami 

yl1oxv)propvl)(isopropvna mino1ethvl dihvdrogen nhosp WA 

An analogous reaction to that described in example 7, but starting with 3,4-difluoro-iV- 
{5-[(7-{3-[(2-hydroxyemyl)(isopropyl)amino]propoxy}-6-memoxyquinazolin-4- 
30 yl)amino]pyridin-2-yl}benzamide (652 mg, 1.15 mmol), yielded the title compound (as a 
dihydrochloride salt, 398 mg, 45 % yield) as a pale yellow solid : 
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'H-NMR (DMSO-dg + CD3COOD): 8.76 (m, 2H), 8.29 (s, 1H), 8.22 (m, 2H), 8.10 (m, 1H), 

7.92 (m, 1H), 7.66 (s, 1H), 7.54 (dd, 1H), 7.37 (s, 1H), 4.41 (t, 2H), 4.18 (m, 2H), 4.04 (s, 

3H), 3.74 (m, 1H), 3.37 (m, 2H), 3.23 (m, 2H), 2.26 (m, 2H), 1.28 (d, 6H) : 

MS (+ve ESI): 647.5 (M+H) + 
5 3,4-difluoro-^-{5-[(7-{3-[(2-hydroxyethyl)(isopropyl)amino]propoxy}-6-methoxyquina^ 

4-yI)ammo]pyridin-2-yl}benzamide, used as the starting material, was obtained as follows : 

a) An analogous reaction to that described in example 2a but starting with 3,4- 
difluorobenzoyl chloride (19.4 g, 110 mmol) yielded iV-(5-nitropyridin-2-yl)-3,4- 
difluorobenzamide (24.9 g, 89 % yield) : 

10 'H-NMR (DMSO-ds): 11.60 (br s, 1H), 9.20 (d, 1H), 8.63 (dd, 1H), 8.38 (d, 1H), 8.11 (m, 
1H), 7.92 (m, 1H), 7.59 (d, 1H) : 
MS (+veESI): 280.3 (M+H) + 

b) An analogous reaction to that described in example 2b but starting with N-(5- 
nitropyridin-2-yl)-3,4-difluorobenzamide (24.67 g, 88.4 mmol) yielded iV-(5-aminopyridin-2- 

15 yl)-3,4-difluorobenzamide (21 g, 95 % yield) as an off-white powder : 

'H-NMR (DMSO-ds): 10.44 (br s, 1H), 8.06 (m, 1H), 7.94 (m, 1H), 7.73 (m, 1H), 7.00 (m, 

lH),5.18(brs,2H): 

MS (+ve ESI): 250.3 (M+H) + 

c) An analogous reaction to that described in example 2c but starting with N-(5- 

20 ammopyridin-2-yl)-3,4-difluorobenzamide (1.24 g, 5.0 mmol) yielded 3,4-difluoro-iV-(5-{ [7- 
(3-chloropropoxy)-6-memoxyqumazohn-4-yl]amino}pyridin-2-yl)benzamide hydrochloride 

as a pale yellow solid (2.56 g, 96.0 % yield) : 

a H-NMR (DMSO-d 6 ): 8.84 (s, 1H), 8.75 (d, 1H), 8.43 (s, 1H), 8.20 (m, 2H), 8.10 (m, 1H), 

7.93 (ra, 1H), 7.59 (m, 1H), 7.41 (m, 1H), 4.28 (t, 2H), 4.03 (s, 3H), 3.81 (t, 2H), 2.27 (m, 
25 2H): 

MS (-veESI): 498.5 (M-H)\ 
MS (+veESI): 500.5 (M+H) + . 

d) An analogous reaction to that described in example 2d but starting with 3,4-difluoro- 
iV-(5-{[7-(3-chloropropoxy)-6-memoxyqmnazohn-4-yl]anmio}pyrid^n-2-yl)benzamide 

30 hydrochloride (0.40 g, 0.75 mmol) and 2-(isopropylamino)ethanol (0.39 g, 3.75 mmol) 
yielded 3,4-difluoro-iV"-{5-[(7-{3-[(2-hydroxyethyl)(isopropyl)amino]propoxy}-6- 
memoxyqmnazolm-4-yl)anuno]pyridm-2-yl}benzamide (193 mg, 45 % yield) as a pale 
yellow solid : 
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ZT£fZ? fe 1H) ' 960 (s - IH) - 877 w 1H) - 846 * ih >- «•* <*- 

3HXX96 (, 3H), 3.36 (n, 2H), 2 . 88 ta ^ 2 . 56 (m> ^ ^ 



5 MS (-ve ESI): 565.4 (M-H)\ 
MS (+ve ESI): 567.3 (M+H)* 



Example 9 - Preparation of r nmp ^ 9 fa T „ hl( , , 1-f ,. f ^ 

chIorobenznyT^gi Trii ni> 7 n ^ yr } f | 1 ' T1 ? vllomm^ ^ ^ * 
10 3 :»)o^T>pronTl)nlDeridl.,.j. T i jjjfa ggggg, nll „. pho> . 

^oro-iV-IS-ttH^-hy^ 

yi I^yridto-a-y,],,^^ (281 m& 0 50 ^ md ^ J 

mmol) were dissolved in dry dimethylacetamide (10.6 ml). Di-lert-butyl-Njy 
y******* (210 nl, 0.74 mmol) was added and the reaction sdired a. ambient V 

'""^•^^^^-'"a^^.^nnnoOanddi-^- , 
W/M-*l«*a«m. f210 „, 0 . 74 ^ added ^ ^ ^ ^ 

stated for 18 hour, Toe reaction was cooled ,o - 40 »C and 3^orope ro xybenzoic aoid (366 
mg. 1.49 mmol) added. The reacdon was wanned to ambient temperature, concentrated audi' 
^^oludonofsomtunmetabi^^ / 
20 extracted wtth ethyl acetate and the orgauica washer, with sodium bicarbonate (sat. soludon) ' 
dned magnesium sulphate) and concentrated. Purificadon by flash chromatography on ' 
alumtna, eluting with dichlortnnethane : methanol : saturated ammonia (97:2:1) yielden * 
»^«3-W,6-t^^ 

7-yl]oxy)propyi)pipeddin-4-yI phosphate as a yellow solid (210 mg, 56 % yield)- 
25 H-NMR (DMSO-d,, 10.91 (a, 1H), 9.59 (s, 1H), 8.77 (d, 1H), 8.45 (a, 1H>, 8.26 (dd 1H) 

8.18 (d, 1H), 8.09 (s, ,H), 7.98 (d. 1H), 7.82 (s, 1H), 7.65 (d, 1H), 7.54 (t, 1H> 7 18 ( ™ 

^W^H)^^ 

4H), 1.63, (m,2H), 1.39 (a, 1SH). 

. H ^ e - U <» i *("0ulofa4.0N S olu a oninl,4-dioxane,0.6mmo,)wasadde d 
30 dropwtsetoasohuionof di-retr-buty! l^-fr^fi-Ka-chlorobenzoyDaminoJpyridin-J- 
yl)anuno)-6-memoxy q uma,o U n-7-yl } oxy,prepyl,pipend i n-4-yl phosphate (70 mg, 0 1 
mmol) „ 1,4-dioxane (3 ml. The resulting heterogeneous reaction mixture was sdned for a 
further hour and diethyl ether was added (10 m». The precipitate was Altered and washed 
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with diethyl ether (3 x 10 ml) then dried under high vacuum for 48 hours to yield the title 
compound l-(3-{[4-({6-[(3-cWorobenzoyl)anuno]pyridin-3-yl}amino)-6 methoxyquxnazolin- 
7-yl]oxy}propyl)piperidin-4-yl dihydrogen phosphate (di-hydrochloride) as an off-white solid 
(34 mg, 53 % yield) : 

5 1 H-NMR (DMSO-d 6 ): 11.98 (s, 1H), 11.11 (s, 1H), 8.87 (s, 1H), 8.79 (s, 1H), 8.58 (s, 1H), 
8.24 ( Si 2H),-8.09 (s,.lH), 7,99 (d, 1H), 7,68 (dd, 1H), 7.55 (t, 1H), 7.44 (s, 1H), 4.52 (m, 1H), 
4.31 (t, 2H), 4.05 (s, 3H), 3.49 (m, 2H) 3 3.24 (m, 2H), 3.08 (m, 2H), 2.35 (m, 2H), 2.14 (m, 
2H), 2.05 (t, 2H), 2.00 (m, 2H) : 
MS (+veESI): 643.2 (M+K0 + , 

10 3-chloro-iV-[5-({7-[3-(4-hydroxypiperidin-l-yl)propoxy]-6-methoxyquinazolin-4- 

yl }amino)pyridin-2-yl]benzamide, used as the starting material was obtained as described in 
example 2d but starting with 4-hydroxypiperidine (1.83 g, 18 mmol). The reaction yielded the 
desired compound as an off-white solid (860 mg, 85 % yield) : 

'H-NMR <pMSO-d 6 ): 10.48 (s, 1H), 9.35 (br s, 1H), 8.80 (s, 1H), 7.99 (d, 1H), 7.84 (s, 1H), 
15 7.61 (d, 1H), 7.53 (t, 1H), 7.21 (s, 1H), 4.22 (t, 2H), 4.06 (s, 1H), 3.99 (s, 3H), 3.49 (m, 1H), 
2.72 (m, 2H), 2.48 (m, 2H), 2.11 (d, 2H), 1.95 (m, 2H), 1.72 (m, 2H), 1.43 (m, 2H) : 
MS (+ve ESI): 563 (M+H) + . 

Example 10 - Prep aration of Compound 10 in Table 1 - 4-(r4-(l6-(Y3- 
20 cMorobenzoyl)amfao1p yridm-3-vnat^ 
dihydrogen phosphate 

An analogous reaction to that described in example 9, but starting with 3-chloro-iV-(5- 
{ [7-(4-hydroxybutoxy>6-metooxy<ium (493 mg, 

1.0 mmol) yielded the title compound as a pale yellow solid (250 mg, 88 % yield) : 
25 ^-NMR (DMSO-ds): 11.81 (s, 1H), 11.08 (s, 1H), 8.85 (s, 1H), 8.76 (d, 1H), 8.46 (s, 1H), 
8.23 (m, 2H), 8.09 (s, 1H), 7.98 (d, 1H), 7.67 (d, 1H), 7.55 (t, 1H), 7.41 (s, 1H), 4.22 (t, 2H), 
4.04 (s, 3H), 3.91 (q, 2H), 1.91 (m, 2H), 1.77 (m, 2H) : 
31 P-NMR (DMSO-de): 0.00 (t, IP): 
MS (+ve ESI): 574 (M+H) + . 

30 3-cMoro-iY"-(5-{[7-(4-hy(fcoxybutoxy)-6-memoxyquinazohn-4-yl]amino}pyridin-2- 
yl)benzamide used as the starting material was obtained as follows: 
a) An analogous reaction to that described in example 2c, but starting with 7- 
(benzyloxy)-4-chloro-6-methoxyquinazoline (615 mg, 1.12 mmol-see patent WO 9722596) 
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and^S-aminopyridin-^-S^hlorobenzamide ( 362 mg, 1.46 mmol) afforded N-(5-{ [7- 
(benzyloxtf-e-met^^ ^ ?g 

% yield) : ' 

•B-NMR (DMSO-d,): 11.23 (s, 1H), 10.65 (b s, 1H), 8.82 (s, 1H), 8.73 (s, 1H), 8.40 (s, 1H) 
5 8.25 (m. 2H), 8.10 (s, 1H), 8.02 (d, 1H), 7.65 (d, 1H), 7.53 (m, 4H), 7.38 (m, 3H), 5.36 (s ' 
2H),4.08(s,3H). 

b) ^< 5 -{r7-(ben Z yloxy)-6-meli 1 o X yquinazoUn-4-yl]aimno}p } aidin-2-yl)-3- 
cMorobenzamide (615 mg, 1.12 mmol) was dissolved in trifluoroacetic acid (6 ml) and heated 
to 90 °C for 2 hours. The excess trifluoroacetic acid was evaporated and water was added 
10 cautxously to the slurry. This was added to a solution of ammonia (10 ml) and stirred rapidly 
The resultmg precipitate was isolated, washed with water and dried under high vacumm The 
sohd was triturated with acetone to afford S-chloro-^fS-^-hydroxy-e-methoxyquinazolin- 
4-yl)amino]pyridin-2-yl }benzamide (435 mg, 92 % yield) : 

'H-NMR (DMSO-d 6 ): 10.90 (s, 1H), 10.32 (s, 1H), 9.53 (s, 1H), 8.77 (d, 1H), 8.39 (s, 1H) > 
15 8.25 (m, 1H), 8.18 (d, 1H), 8.09 (s, 1H), 7.98 (d, 1H), 7.81 (s, 1H), 7.65 (d, 1H), 7.53 (t, 1H> 
7.06 (s, 1H), 3:97 (s, 3H) : f 
MS (+ve ESI): 422 (M+H) + . 

O 3 ^o^- { 5-[(7-hydroxy-6-memoxyquina2ohn^-yl)^ 

(431 mg, 1.01 mmol), 4-bromobutyloxyacetate (294 mg, 1.5 mmol) and potassium carbonate 
20 (414 mg, 3.00 mmol) were dissolved in dimethylacetamide (15 ml) and stirred at ambient '■ 
temperature for 18 hours. The reaction mixture was concentrated and water (10 ml) added 
The resultant precipitate was removed by filtration, washed with water and dried under high 
vacuum. The sohd was recrystallised from acetonitrile to afford 4-{[4-({6-[(3- 
cMorobenzoyl)annno]pyridin^ 
25 mg, 63 % yield) : v 

'H-NMR (DMSO-d 6 ): 8.76 (s, 1H), 8.45 (s, 1H), 8.26 (m, 1H), 8.20 (d, 1H), 8.09 (s 1H) 
7.99 (d, 1H), 7.83 (s, 1H), 7.66 (d, 1H), 7.54 (t, 1H), 7.19 (s, 1H), 4.18 (t, 2H), 4.08 (t, 2H) 
3.95 (s, 3H), 2.00 (s, 3H), 1.84 (m, 2H), 1.75 (m, 2H) : 
MS (+ve ESI): 536 (M+H) + . 

30 d) 4-{[4-({6-[(3-cMorobenzoyl)amino3pyriam-3-yl}anuno)-6-me^ ' 
yl]oxy}butyl acetate (100 mg, 0.18 mmol) was dissolved in methanol (2.5 ml) and water (2 5 
ml). Sodium hydroxide (15 mg, 0.36 mmol) was added and the reaction heated to 90 °C for 1 
hour. The reaction was cooled and the precipitate was isolated by filtration, washed with 
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water and dried under high vacuum to yield 3-chloro~iV-(5-{ [7-(4-hydroxybutoxy)-6- 
melhoxyquuiazohn^-yl]anaino}pyridin-2-yl)benzamide (64 mg, 72 % yield) : 
a H-NMR (DMSO-d*): 10.91 (s, 1H), 9.59 (s, 1H), 8.77 (d, 1H), 8.47 (s, 1H), 8.26 (m, 1H), 
8.19 (d, 1H), 8.09 (s, 1H), 7.99 (d, 1H), 7.83 (s, 1H), 7.66 (d, 1H), 7.54 (t, 1H), 7.18 (s, 1H), 
5 4.45 (t, 1H), 4.14 (t, 2H), 3.97 (s, 3H), 3.47 (q, 2H), 1.84 (m, 2H), 1.61 (m, 2H) : 
MS (+ye ESI): 494 (M+H) + . 

Example 11 - Preparatio n of Compound 11 in Table 1 - 2-r(3-/r4-fl6-rf3- 
chlorobengoy1)fl mJno] P yridjn-3-vnammo)-6-methoxvauinazoIin-7- 
10 vnoxv}propvWm ethYi)amin olethvl dihvdrogen phosphate 

Di-ferf-butyl-i^^-diethylphosphoramidite (730 pi, 2.60 mmol) was added to a mixture 

of 3-chloro-A^-{5-[(7-{3-[(2-hydroxyemyl)(methyl)amino]propoxy}-6-methoxyqmnazohn^ 
yl)amino]pyridin-2-yl}benzamide (1.00 g, 1.86 mmol) and dry 1 H-tetrazole (400 mg, 5.59 
mmol) in dimethylacetamide (25 ml). Hie reaction was stirred under an inert atmosphere at 
15 ambient temperature for 18 hours. Dichloromethane (150 ml) and aqueous sodium hydrogen 
carbonate solution (50 ml) were added and the reaction mixture stirred briefly. The aqueous 
layer was extracted with dichloromethane and the combined organics dried (sodium sulphate) 
and concentrated to give a yellow oil which was taken up in tetrahydrofuran (15 ml). The 
mixture was cooled to 0 °C and 30 % aqueous hydrogen peroxide (0.50 ml, 3.72 mmol) was 
2Q added slowly and the reaction was stirred at 0 °C for 1 hour. A further equivalent of 30 % 
aqueous hydrogen peroxide was added and the reaction allowed to warm to ambient 
temperature. The reaction was cooled to 0 °C and a solution of sodium metabisulpbite (30 ml, 
0.52 M solution) was added. This mixture was warmed to ambient temperature and extracted 
with ethyl acetate (4 x 100 ml). The combined organics were dried (sodium sulphite) and 
25 concentrated to afford the crude phosphate ester as a yellow oil: 
MS (+ve EST) : 729 (M+H) + . 

This was taken up in dioxane (70 ml) and treated dropwise with a 4.0 N solution of hydrogen 
chloride in dioxane (5 ml, 20 mmol). The white slurry was stirred at ambient temperature for 
18 hours and diethyl ether was added (200 ml). The precipitate was filtered and washed with 
30 diethyl ether (3 x 30 ml) then dried under high vacuum to yield the title compound 2-[(3-{ [4- 
({6-[(3-chlorobenzoyl)amino]pyrimn-3-yl}amino)-6-memoxyquinazolin-7- 
yl]oxy}propyI)(methyl)amino]ethyl dihydrogen phosphate (di-hydrochloride) as an off-white 
solid (1.2 g, 93 % yield): 
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^TZT'^ 1195 ^ 1H> - ^ 1H) ' 8 88 * ^ 8 « * 1H), 8.59 (m 1H ) 

4H). 4.06 ft. 3H), 3.44 (m, 2H), 3.35 (m, 2H ), 2.88 ( s , 3H), 2.34 (m, 2H)- 
MSC+veESD:617(M+H)*. 

OWB- - <— a exantp.0 2d but staning ^ 2<m e ra y.amino)e<„ano. ( 21 0 mg, 2.80 
10 8.15 (d, 1H), 8.08 (a, 1H), 7.99 (d, 1H), 7.88 ( S , IH), 7.62 (d, 1H) 7 53 ft 1H> 7 22 < tTT. 

Example 1 , 2 . Pn-naraflon nfr, ^ 12 ,„ TaM . , p f , 

15 chl,r.ben^„ T , )amlnrt1pTTirtin 3 „, „ ln ^. m ^, i . 

yll.x T> p ro p T , >ftinPrirti „. 7 .. nm ^ T ,_ r ,. | h ^ 

of3j^Tm2Tr°* ho ™^ 

vnJrT „ f" ^ ^^^^-^W^yl^meaoxy^inazo^ 

20 T T - yI}benzamWe (202 mg - 035 ™* - «y 1 *— * JLg, o.87 i 

mmo.) m dunethy.acetam.de (0.5 nu). The macuon was suned under an inert ahnosp ere 1 ' 

fcmperan™ for „ honrs before addition of another eouiva,e», of each j£ 2a 
**ber St , mng for 6 hours. Monlo^ane 00 ml) and methane. (0.5 ml) w J ^ 
D *''**"* WaS * le< * a ^ ueous potassium carbonate solution (20 %; 10 ml). The^rganies 

02 Ml. 0.7 mmol) was added slowly and the reaction was stored a. 0 »C for I hour A further 

«-3C^eoushydro^^_^ mdfte ^ m ^^ 
«o ambtent temperahu. The faction was coo.ed «o 0 «C and a soluuon of sodium 
metabtsnlphite (0.5 n,. 0.52 M solution) was added. Th.s mixntre was wanned to amhient 
wl~( ffid ™ WiftdiCM — -~C10,, T hecomh ta e,~s 

hydrogen chlonde ,n dtoxane (0.55 m>, 2.20 mmo., The white story was sthred at ambient 
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temperature for 18 hours and diethyl ether was added (200 ml). The precipitate was filtered 
and washed with acetonitrile then purified according to the method described in example 2 to 
yield the title compound l-(3-{ [4-({ 6^(3-chlorobenzoyl)armno]pyridin-3-yl}amino)-6- 
methoxyquinazolin-7-yl]oxy}propyl)piperidin-2-yl]methyl dihydrogen phosphate (di- 
5 hydrochloride) as an off-white solid (140 mg, 64 % yield) : 

(DMSO-d 6 + GD3COOD.).: 8.75.(s, 1H),.8,60 (brs.lH), 8.22 (m, 2H), 8.06 (s, 1H), 
7.98 (m, 2H), 7.61 (m, 1H), 7.50 (m, 1H), 7.42 (s, 1H), 4.29 (t, 2H), 4.11 (m,"liED," 3.99 (s," 
3H), 3.85 (m, 1H), 3.23 (m, 1H), 3.09 (m, 1H), 2.52 (m, 2H), 2.25 (m, 2H), 1.73 (m, 5H), 
1.50 (m, 2H) : 
10 MS (+veESI) : 657 (M+H) + . 

3-cWoro-^-{54(7-{3-[2-(hya^oxymethyl)pipericUn-l-yl]propoxy}-6-memoxyqmnazolm 
yl)arnino]pyridin-2-yl}benzamide used as the starting material was obtained as described in 
example 2d but starting with 2-(hydroxymethyl)piperidine (323 mg, 2.8 mmol). The reaction 
yielded the desired compound as an off-white solid (63 mg, 39 % yield) : 
15 J H-NMR (DMSO-ds) : 10.50 (s, 1H), 9.37 (s, 1H), 8.82 (s, 1H), 8.49 (s, 1H), 8.27 (dd, 1H), 
8.16 (d, 1H), 8.10 (s, 1H), 8.01 (d, 1H), 7.86 (s, 1H), 7.63 (d, 1H), 7.56 (t, 1H), 7.23 (s, 1H), 
4.24 (t, 2H), 4.02 (s, 3H), 3.62 (m, 1H), 3.44 (m, 1H), 2.89 (m, 2H), 2.60 (m, 1H), 2.39 (m, 
1H). 2.27 (m, 1H), 1.97 (t, 2H), 1.68-1.13 (m, 6H) : 
MS (+veESI) : 577 (M+H) + . 

20 

Example 13 - Preparation of Compound 13 in Table 1 - 2-1Y5-I r4-(l6-r(3- 
chl(>robenzovI)a niinolpvridin-3-vnaniino>-6-niethoxvaiiinazolin-7- 
ynoxv>pentYl)(ethvl)amino1ethyI dihydrogen phosphate 

An analogous reaction to that described in example 12, but starting with 3-chloro-JV- 
25 (5-{ [7-({5-tethyl(2-hydroxyethyl)amino]pentyl }oxy)-6-methoxyquinazolin-4- 

yl]amino}pyridin-2-yl)benzamide (350 mg, 0.60 mmol), yielded the title compound (as the di- 
hydrochloride salt, 340 mg, 77 % yield) as a pale yellow solid : 

te-NMR (DMSO-dg) : 11.88 (br s, 1H), 11.05 (br s, 1H), 8.81 (m, 2BD, 8.53 (s, 1H), 8.25 (m, 
2BD, 8.09 (s, 1H), 7.98 (d, 1H), 7.67 (m, 1H), 7.55 (t, 1H), 7.44 (s, 1H), 7.51 (m, 3H), 4.26 
30 (m, 4H), 4.06 (s, 3H), 3.38 (m, 2H), 3.15 (m, 4H), 1.82 (m, 4H), 1.49 (m, 2H), 1.23 (m, 3H) : 
MS (+ve ESI) : 659 (M+H) + . 

3-chloro-//-(5-{[7-({5-[emyl(2-hydroxyemyl)armno]pentyl}oxy)-6-memoxyquinazoHn-4- 
yl]amino}pyridin-2-yl)benzamide, used as the starting material, was obtained as follows: 
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a) An analogous reaction to that described in example 10c but starting with bromo-5- 
chloropentane (280 mg, 1.50 mmol) yielded 3-chloro-iV-[5-( { 7-[(5-chIoropentyl)oxy]-6- 
methoxyquinazohn^-yl}amino)pyridin-2-yl]ben Z amide (162 mg, 20 % yield) ■ 
'H-NMR (DMSO-d 6 ) : 10.90 (s, IH), 9 .61 (s, IH), 8.77 (s, IH), 8.48 (s, IH), 8.23 (m, 2H) 
5 8.09 (s, IH), 7.83 (s, IH), 7.66 (d, IH), 7.55 (t, IH), 7.18 (s, IH), 4.15 (t, 2H), 3.96 (s, 3H) ' 
3.67 (t, 2H), 1.84 (m, 4H), 1.57 (m, 2H). 

b) An analogous reaction to that described in example 2d but starting with 2- 

(ethylami„o)ethanol (93 mg, 0.95 mmol) and 3-chloro-iV- [ 5-( { 7-[(5-chloro P entyl)ox y ]-6- 

memoxyquina2oHn-4-yl}annno)pyridin-2-yl]ben2amide (100 mg, 0.19 mmol) yielded 3- 
10 <*tao^5-{^^ 

yl]ammo}pyridin-2-yl)benzamide (50 mg, 45 % yield) : 

"H-NMR (DMSO-d 6 ) : 11.22 (m, IH), 11.05 (br s, IH), 8.82 (s, IH), 8.70 (d, IH), 8.27 (m 
IH), 8.14 (m, 2H), 8.09 (m, IH), 7.98 (m, IH), 7.66 (m, IH), 7.54 (m, IH), 7.40 (s, IH) 4 20 
Ct, 2H), 3.99 (s,3H), 3.71 (t, 2H), 3.17 (m, 6H), 1.84 (m, 2H), 1.72 (m, 2H), 1.45 (m, 2H) .( 
15 1.20 (t,3H): 

MS (-ve ESI) : 577 (M-H)", 

MS(+veESI) :579(M+H) + . f 
Example 14 - Preparation nf ^ m Doun(1 14 8n T o b i e i . 4.rr M f -^_ rft \ 

.Yl1oxY>propvn(ethvn a minnlh utvl dihvdro^n phosphate 

An analogous reaction to that described in example 12, but starting with 3-chW*- 
{5-[(7-{3-[emyl(4-hydroxybutyl)aniino]propoxy}-6-memoxyqmn^ 
2-yl}benzamide (1.02 g, 1.76 mmol) yielded the title compound (as the dihydrochloride salt 
25 600 mg, 47% yield) as a pale yellow solid: 

>B-NMR (DMSO-d 6 ) : 11.90 (br s, IH), 11.61 (br s, IH), 8.81 (m, 2H), 8.55 (s, IH), 8.25 (m, 
2H), 8.09 (s, IH), 7.98 (d, IH), 7.67 (m, IH), 7.55 (t, IH), 7.44 (s, IH), 4.30 (m, 2H), 4.03 (s, 
3H), 3.19 (m, 6H), 2.88 (m, 2H), 2.30 (m, 2H), 1.78 (m, 2H), 1.66 (m, 2H), 1.25 (m, 3H) • 
MS (+ve ESD : 659 (M+H) + . 

30 3 - cMora ^-^-[(7-{3-[emyl(4-hydroxybuty^^^ 

yl)amino]pyridin-2-yl}benzamide, used as the starting material, was obtained as described in 
example 2d, but starting with 4-ethylamino-l-butanol (226 ml, 1 .93 mmol). The reaction 
yielded the desired compound as the di-trifluoroacetic acid salt (113 mg, 51 % yield) ■ 



100936 




-56- 

^-NMR (DMSO-d 6 ) : 11.04 (s, 1H), 10.99 (br s, 1H), 8.81 (s, 1H), 8.70 (m, 1H), 8.28 (m, 
1H), 8.16 (m, 1H), 8.08 (m, 2H), 7.98 (m, 1KQ, 7.67 (m, 1H), 7.55 (t, 1H), 7.38 (s, 1H), 4.30 
(t, 2H), 3.99 (s, 3H), 3.42 (t, 2H), 3.20 (m, 6H), 2.22 (m, 2H), 1.70 (m, 2H), 1.48 (m, 2H), 
1.22 (t, 3H) : 
5 MS(-veESI): 577 (M-H)', 

- MS(+veESI>:579(M+H)^ - _ 

Rxamole 15 - Preparation of Compound 15 in Table 1 - 2-IY3-I M-ff 6-K3- 
fluorobenzovDaminolpYridin-3-vi>ammoVu-methG^quinazoIin-7- 

10 vl1oxv>propvn(methvnaniino1ethvl dihvdrogen phosphate 

An analogous reaction to that described in example 7, but starting with 3-fluoro-iV-{5- 
[(7_{3-[(2-hydroxyemyl)(methyl)atm^ 

2- yl}benzamide (1.10 g, 2.11 mmol) yielded the title compound (as the formate salt, 180 mg, 
13 % yield) as a pale yellow solid : 

15 X H-NMR (DMSO-d 6 ) : 12.15 (br s, 1H), 10.99 (br s, 1H), 8.81 (m, 2H), 8.64 (s, 1H), 8.25 (m, 
1H), 7.88 (m, 2H), 7.51 (m, 3H), 4.26 (m, 4H), 4.06 (s, 3H), 3.43 (m, 2H), 3.34 (m, 2H), 2.86 
(s, 3H), 2.34 (m, 2H) : 
MS (+ve ESI) : 601 (M+H) + . . 

3- fluoro-iV-{5-[(7-{3-[(2-hydroxyemyl)(memyl)annno]propoxy}-6-memoxyqm^ 

20 yl)aminorpyridin-2-yl}benzarnide, used as the starting material, was obtained in an analogous 
reaction to that described in example 7d but starting with 2-(methylamino)ethanol (780 pi, 
9.67 mmol). The reaction yielded the desired compound (1.2 g, 72 % yield) : 
'H-ISIMR (DMSO-d 6 ) : 10.85 (m, 1H), 9.61 (s, 1H), 8.78 (m, 1H), 8.45 (s, 1H), 8.28 (m, 1H), 
8.19 (m, 1H), 7.87 (m, 3H), 7.55 (m, 1H), 7.43 (m, 1H), 7.18 (s, 1H), 4.43 (m, 1H), 4.16 (t, 

25 2H), 3.98 (s, 3H), 3.44 (m, 2H), 2.50 (m, 2H), 2.41 (t, 2H), 2.20 (s, 3H), 1.89 (m, 2H) : 
MS(-veESI):519(M-H)-, 
MS (+ve ESI) : 521 (M+H) + . 



30 
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Example 16 ■ f^r^n of mn,nn„ n a ,„ t-.,„ , 

agorobet.z.ylfrminofryrimM^ 

^lloxTlpropyDfrTolohpTyn^oi^, rt , h „ jTOgen nhAmhat „ 

^ 013 mg, I. 62 mmol) md a . tert . butyl di^^^^ 

nag, 0.81 mmol) were added to ablution of S^hl^-IS-ra-O-foyoloh^^ 

fluorcbenz^ud. (,26 mg, 0.57 nrmol) to dimemylfo^de (2 ml). The .eaction was atirred 
under an mer, atmosphere at ambient temperature for 20 hours. The reaction mixture was 
ducted wtth ethyl acetate (50 ml) and washed with three portions of aqueous sodium 
10 hydrogen carbonate. The panics wete dried over magnesium sulphate and concentrated to 
» orl. The or, was dissolved in te^hydrotean (3 ml) and cooleri to 0 »C. Hydrogen peroxide 
(69 0 of a30 % w/v aqueous solution) was added and me reaction stim d for 48 hour* at 
ambient temperature during which amrtherpordon of hydrogen peroxide (35 pi) was added 
The react™ waa quencied with aqueous sodium metabisnlphlte, extacter. into 
15 tUchloromemane and drier, over sodium sulphate. Purification by flash chromatography on . 
atanna, e,udng with 0-2 % methane, in dichloremethane, yielded a yellow sohd after f 
nation with diethy, ether. The yellow aolid (56 mg) waa dissolved in 1,4 dioxane (2 m,) > 
andhydregen chloride (0.10m, of a 4.0 N soludon in ,,4-dioxane, 0.41 mmo,) waa added i 
dropw.se to the solution. The rcacdon mixture waa sorted for 20 hours at ambient * 

by suction filtration and waahed with diethyl ether to yield the tide compound (aa a solid 
dihydrochloride salt, 49 mg, 11 % yield) : 

7.95-8.05 (m, 1H), 7.50-7.60 (m, 2H). 4.40 ft 2H) , 4.20-4.30 (m, 2H) 4 00 (s 3H) 3 20 3 45 

1.50 (m,4H), 1.10-1.20 (m, 1H) : 
31 P-NMR { J H} (DMSO- dg): 0.55 (s, IP) : 
MS (+ve ESI): 704.5/706.5 (M+H) + . 

yl ammo)pynnndi„-2-y,,^fl uorobenzamide used „ 
follows: 

a) S-Chlore^fluorobenzoyl chloride (1.52 g, 7.88 mmol) waa adderi to a stirred solution 
of 2-ammo-5-mtit>pyrimidme (1.00 g, 7.14 mmo,) in anhydrona pyridine (20 ml) a, ambient 



100936 




-58- 

temperature and the reaction heated at reflux for 7 hours. The reaction was cooled to ambient 
temperature, poured into water (200 ml) and allowed to stand for 18 hours. The aqueous phase 
was extracted with dichloromethane (3 x 75 ml) and the combined organic extracts were 
washed with brine (2 x 100 ml) and dried (magnesium sulphate). Solvent evaporation in 
5 vacuo followed by purification by flash chromatography on silica gel, eluting with 

dichloromethane : methanol (99:1 then 98:2) yielded 3-chloro-4-fluoro-iV-(5-nitropyrimidin- 
2-yl)benzamide (1.71 g, 81 % yield) as a brown gum : 

te-NMR (DMSO-d 6 ) : 11.86 (br s, 1H), 9.44 (s, 2H), 8.20 (m, 1H), 7.98 (m, 1H), 7.58 (t, 1H) 

10 MS(-veESI):295(M-H)\ 
MS (+ve ESI) : 297 (M+H) + . 

b) 10 % Platinum on carbon (149 mg) was added to a stirred suspension of 3-chloro-4- 
fluoro-iV^(5-mtropyrimidin-2-yl)benzamide (743 mg, 2.51 mmol) in ethanol (50 ml) at 
ambient temperature and the reaction stirred for 18 hours under an atmosphere of hydrogen. 

15 The reaction was filtered through a pad of celite and the solvent evaporated in vacuo to yield a 
solid which was taken up in ethyl acetate : ethanol (4:1) and filtered (0.45 DM PTFE filter). 
The solvent was evaporated to yield jV-(5-anunopyrirmcttn-2-y^ 
(5.77 g, 99 % yield) as a brown solid : 

'H-NMR (DMSO-dg) : 10.64 (br s, 1H), 8.15 (m, 1H), 8.07 (s, 2H), 7.94 (m, 1H), 7.54 (t, 
20 1H), 5.41 (s, 2H) : 

MS (-ve ESI) : 265 (M-H)% 
MS (+ve ESI) : 267 (M+H) + . 

c) Hydrogen chloride (3.0 ml of a 4.0 N solution in dioxane, 12.0 mmol) was added to a 
stirred solution of 7-(benzyloxy)-4-chloro-6-methoxyquinazoUne (3.40 g, 11.25 mmol) andAT- 

25 (5-aminopyrirmdln-2-yl)-3-chloro^fluorobenzamide (3.00 g, 11.25 mmol) in 

dimethylacetamide (50 ml) and the reaction heated at 50 °C for 3.5 hours. The reaction was 
allowed to cool to ambient temperature and the precipitated solid was collected by suction 
filtration. Washing of the solid with diethyl ether followed by drying in vacuo yielded 2V-(5- 
{ [7-(benzyloxy)-6-memoxyqmnazolin-4-yl]amino }pyrimidin-2-yl)-3-chloro-4- 

30 fluorobenzamide (5.33 g, 79 % yield) as a cream solid : 

'H-NMR (DMSO-ds) : 11.80 (br s, 1H), 11.27 (br s, 1H), 9.11 (s, 2H), 8.85 (s, 1H), 8.42 (s, 
1H), 8.10 (m, 1H), 8.00 (m, 1H), 7.37-7.60 (m, 7H), 5.34 (s, 2H), 4.03 (s, 3H) : 
MS (-ve ESI) : 529 (M-H)\ 
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MS (+ve ESI) : 531 (M+H) + . 

d) N-(5-{ [7-(benzyloxy)-6-methoxyquinazoUn-4-yl]amino}pyriinidin-2-yl)-3-chloro-4- 
fluorobenzamide (5.33 g, 8.83 mmol) was added to trifluoroacetic acid (50 ml) and the 
reaction heated at reflux for 2 hours. The reaction was cooled to ambient teperature, the 
5 volatiles were evaporated in vacuo and the resultant brown oil was azeotroped with 
dichloromethane (2 x 50 ml). Addition of diethyl ether (50 ml) caused the formation of a 
precipitate which was collected by suction filtration and dried in vacuo to yield 3-chloro-4- 

fluoro-7V-{5-[(7-hyoVoxy-6-memoxyquinazoUn-4-yl)amino]pyrimidin-2-yl}benzarnid 
(trifluoroacetate salt, 4.73 g, 97 % yield) as an off-white solid : 
10 'H-NMR (DMSO-d 6 ) : 11.27 (br s, 1H), 9.03 (s, 2H), 8.81 (s, 1H), 8.19 (s, 1H), 8.00 (m, 2H), 
7.57 (t, 1H), 7.21 (s, 1H), 4.00 (s, 3H) : 
MS (-ve ESI) : 439 (M-H)\ 

MS (+ve ESI) : 441 (M+H) + . i 
e) A mixture of 3-chloro-4-fluoro-iV-{5-[(7-hydroxy-6-methoxyquinazolin-4- ,,\ 
15 yl)amino]pyrimidm-2-yl}benzamide (750 mg, 1 .35 mmol), 1,3-dibromopropane (327 mg, { 
1.62 mmol) and potassium carbonate (411 mg, 2.98 mmol) in dimethylacetamide (3 ml) were 
stirred at ambient temperature for 20 hours before N-cyclohexylethanolamine (965 mg, 6.75 \ 
mmol) was added to the solution. The reaction mixture was stirred at ambient temperature for 
48 hours then concentrated under reduced pressure. Purification by flash chromatography on : . 
20 silica gel, eluting with dichloromethane : methanol : saturated ammonia (93:5:2 to 78:20:2) 
yielded 3-cMoro-iV-{5-[(7-{3-[cyclohexyl(2-hydroxyethyl)amino]propoxy}-6- 

memoxyquinazoUn-4-yl)amino]pyrirnidm-2-yl}-4-fluorobenzarnide (126 mg, 15 % yield) as a 
yellow solid : 

'H-NMR (DMSO-ds): 11.10 (s, 1H), 9.80 (s, 1H), 9.15 (s, 2H), 8.45 (s, 1H), 8.20 (d, 2H), 
25 7.95-8.05 (m, 1H), 7.80 (s, 1H), 7.50-7.60 (m, 1H), 7.20 (s, 1H), 4.25 (t, 2H), 4.00 (s, 3H), 
3.30-3.50 (m, 4H), 2.50-2.80 (m, 4H), 1.80-2.00 (m, 2H), 1.50-1.75 (m, 4H), 1.10-1.30 (m, 
5H): 

MS (-ve ESI): 622 (M-H)", 
MS (+veESI):624(M+H) + . 

30 
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Example 17 - Preparation of Compound 17 in Table 2 - 2-r(3-lf4-(m(3-chIoro-4- 
fluorobenzovI)amino1pvrmudm 

vl1oxv}propyI)(ethvl)amino1ethvI dihvdrogen phosphate 

Dry l/Z-tetrazole (1.34 g, 19.21 mmol) and di-terr-butyl diethylphosphoramidite (2.95 
5 g, 1 1.85 mmol) were added in 3 aliquots to a solution of 3-cMoro-iV r -{5-[(7-{3-[ethyl(2- 

- - hycfroxyethyl)amino]propoxy^ 

fluorobenzamide (1.5 g, 2.63 mmol) in dimethylacetamide (60 ml). The reaction was stirred 
under an inert atmosphere at ambient temperature for 72 hours. The reaction mixture was 
diluted with ethyl acetate (200 ml) and washed with three portions of aqueous sodium 

10 hydrogen carbonate. The organics were dried over sodium sulphate and concentrated to an oil. 
The oil was dissolved in tetrahydrofuran (25 ml) and cooled to 0 °C. Hydrogen peroxide (599 
jutl of a 30 % w/v aqueous solution) was added and the reaction stirred for 20 hours at ambient 
temperature during which a further portion of hydrogen peroxide (300 yl) was added. The 
reaction was quenched at 0 °C with aqueous sodium metabisulphite, extracted into ethyl 

15 acetate, dichloromethane and methanol and dried over magnesium sulphate. Purification by 
flash chromatography on alumina, eluting with 0-5 % methanol in dichloromethane yielded a 
yellow foam. The yellow foam (859 mg) was dissolved in 1,4 dioxane (50 ml) and hydrogen 
chloride (1.7 ml of a 4.0 N solution in 1,4-dioxane, 6.78 mmol) was added dropwise to the 
solution. The reaction mixture was stirred for 20 hours at ambient temperature. The reaction 

20 mixture was diluted with diethyl ether (300 ml) the solid collected by suction filtration and 
washed with diethyl ether to yield the title compound (as a solid dihydrochloride salt, 799 mg, 
42 % yield) : 

^-NMR (DMSO-d 6 ): 12.30 (s, 1H), 11.20 (s, 1H), 9.20 (s, 2H), 8.90 (s, 1H), 8.20 (dd, 1H), 
7.95-8.05 (m, 1H), 7.50-7.60 (m, 1H), 7.40 (s, 1H), 4.20-4.40 (t, 4H), 4.00 (s, 3H), 3.50-3.60 
25 (m, 2H), 3.20-3.20 (m, 4H), 2.20-2.40 (m, 2H), 1.30 (t, 3H) : 
31 P-NMR Cm (DMSO-d 6 ): -0.23 (s, IP) : 
MS (+veESI): 650, 652 (M+H) + . 

3-cUoro-i\T-{5-[(7-{3-[ethyl(2-hydroxyethyl)amino]propoxy}-6-methoxyquina^^ 
yl)amino]pyrimidin-2-yl}-4-fluorobenzamide used as starting material was obtained as 
30 follows: 

A mixture 3-cWoro-4-fluoro-i\^{5-[(7-hyfr^ 

2-yl}benzamide (8 g, 14.4 mmol), l-bromo-3-chloropropane (2.49 g, 15.9 mmol) and caesium 
carbonate (9.38 g, 28.8 mmol) in dimethylformamide (80 ml) were stirred at ambient 
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temperature for 20 hours before N-ethylethanolamine (6.4 g, 72 mmol) was added to the 
solution. The reaction mixture was stirred at 70 °C for 48 hours then concentrated under 
reduced pressure. Purification by flash chromatography on silica gel, eluting with 1-20 % 
methanol in dichloromethane containing 2 % concentrated ammonia, yielded 3-chloro-AT-{5- 
5 K7-{3-[etoyl(2-hydra^^ 

yl}-4-fluorobenzamide (2.5 g, 30 % yield) as a yellow solid : 

'H-NMR (DMSO-d,): 11.10 ( S) 1H), 9.75 (s, 1H), 9.15 (s, 2H), 8.45 (s, 1H), 8.20 (dd, 1H) 
7.95-8.05 (m, 1H), 7.80 (s, 1H), 7.50-7.60 (m, 1H), 7.20 (s, 1H), 4.25 (br s, 1H), 4.20 (t, 2H) 
4.00 (s, 3H), 3.40-3.50 (m, 2H), 2.50-2.65 (m, 6H), 1.80-2.00 (m, 2H), 0.95 (t, 3H) : 
10 MS (+ve ESI): 570, 572 (M+H) + , 
MS (-ve ESI): 568, 570 (M-H)'. 



Example 18 - Preparation o f Compound 18 in Table 2 - 3-lr4-(T2-tY3- 
cMoroben^yQaminolnyr^ 
15 dihvdrogen phosp hate 

An analogous reaction to that described in example 9, but starting with S-chloro-^i 
{[7-(3-hycImxypropoxy)-6^ (m . 

mg, 0.21 mmol) yielded the title compound as a pale yellow solid (66 mg, 56 % yield) • A 
'H-NMR (DMSO-d*): 12.10 (s, 1H), 11.26 (s, 1H), 9.13 (s, 2H), 8.89 (s, 1H), 8.54 (s, 1H) i 
20 8.00 (s, 1H), 7.92 (d, 1H), 7.68 (m, 1H), 7.54 (t, 1H), 7.41 (s, 1H), 4.28 (t, 2H), 4.03 (s 3H) 
4.02 (q, 2H), 2.15 (m, 2H): ' 
MS (+ve ESI): 561 (M+H) + . 

3-chloro-iV r -(5-{[7-(3-hydroxypropoxy)-6-memoxyquma Z ohn-4-yl]amino}py^^ 
2-yl)benzamide used as the starting material was obtained in an analogous reaction to that 
25 described in example 16e, but starting with 3-bromopropanol (154 mg, 1.10 mmol) and 3- 
chloro ^OTCWiydn^^ (52Q 

mg, 1 mmol-see patent WO 0121597) but no amine was added. The reaction yielded the 
desired compound as an off-white solid (151 mg, 31 % yield) : 

'H-NMR (DMSO-d*): 11.11 (s , 1H), 9.72 (s, 1H), 9.11 (s, 2H), 8.47 (s, 1H), 8.02 (s 1H) 
30 7.93 (d, 1H), 7.79 (s, 1H), 7.65 (d, 1H), 7.53 (t, IB), 7.21 (s, 1H), 4.56 (t, 1H), 4.20 (t, 2H), 
3.96 (s, 3H), 3.58 (q, 2H), 1.94 (m, 2H) : 
MS (+veESI): 481 (M+H) + , 
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Examelg 19 - 1-f3-fr4-r(2-fr(3-chloro-4-flttorophenvl)amino1methvl>pvrimidin-5- 
vnanuno1-6-methoxvauinazolin-7-vI>oxv)propvl1piperidip-4 -vIdihvdrog^^ 
Preparation of Compound 19 in Table 2 (M578976) 

An analogous reaction to that described in example 9, but starting with l-[3-({4-[(2- 
5 { [(3-chloro-4-fluorophenyl)amino]methyl }pyrirnidin-5-yl)amino]-6-methoxyquinazolin-7- 

yl}oxy)propyl]piperidin-l-.ol(500mg > P..88jpmol) x^^^^^.2 aa ^^^ (121 mg, 21 % 

yield) : 

^-NMR (DMSO-de) : 12.20 (s, 1H), 10.69 (s, 1H), 9.27 (s, 2H), 9.00 (s, 1H), 8.63 (s, 1H), 
7.54 (s, 1H), 7.11 (dd, 1H), 6.80 (dd, 1H), 6.65 (m, 1H), 5.22 (br s, 5H), 4.51 (s, 1H), 4.33 (t, 
10 2H), 4.07 (s, 3H), 3.58-3.39 (m, 2H), 3.30-3.09 (m, 4H), 2.35 (m, 2H), 2.17 (m, 2H), 2.00 (m, 
2H): 

31 P-NMR { J H} (DMSO-d 6 ): -L0 (s, IP) 
MS (-ve EST) : 646/648 (M-H)\ 
MS (+ve ESD : 648/650 (M+H) + . 
15 l-[3-({4-[(2-{ [(3-chloro-4-fluorophenyl)amino]methyl }pyrirnidin-5-yl)amino]-6- 

methoxyquinazoUn-7-yl}oxy)propyl]piperidin-4-ol used as starting material was obtained as 
. follows: . 

a) . Sodium hydride (1.20 g, 31.65 mmol) was added at ambient temperature to a solution 
of 2-(diemoxymemyl)pyrimidin-5-amine (1.87 g, 9.49 mmol, see-patent WO 0121597) in 

20 tetrahydrofuran (60 ml). The reaction mixture was stirred for 10 minutes before the addition 
of 4-chloro-6-methoxy-7-(3-chloropropoxy)quinazoline (4.00 g, 13.93 mmol). The reaction 
mixture was heated to reflux for 3 hours, cooled to ambient temperature and diluted with ethyl 
acetate (80 ml). The resultant precipitate was removed by filtration through celite and the 
filtrate concentrated to a brown powder. This was dissolved in dichloromethane : methanol 

25 (9: 1) and purified by flash chromatography on silica gel. Elution with dichloromethane : 
methanol (9:1), afforded 7-(3-cWoropropoxy)-N-[2-(&emoxy^^ 

methoxyquinazolin-4-amine as an orange powder (5.47 g, 88 % yield, 74 % pure), used crude 
in the next reaction. 
MS (+ve ESI) : 448 (M+H) + 
30 b) 7-(3-CMoropropoxy)-^ r -[2-(diemoxymemyl)pyrimidin-5-yl]-6-memoxyqm 

amine (4.62 g, 10.3 mmol) was dissolved in a mixture of dichloromethane : trichloroacetic 
acid : water (6:1:1, 200 ml) and stirred at ambient temperature for 7 hours. The 
dichloromethane was removed and the residue suspended in diethyl ether (500 ml), filtered 
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and dried in a vacuum oven for 24 hours to afford 5-{ [7-(3-chloropropoxy)-6- 
methoxyquinazolm-4-yl]ainino}pyrimidine-2-carbaldehyde as the trifluoroacetic acid salt 
(4.64 g, 92 % yield), used crude in the next reaction. 

c) Sodium cyanoborohydride (386 mg, 6.15 mmol) and acetic acid (586 ul, 10.3 mmol) 
5 were added to a solution of 5-{ [7-(3-chloropropoxy)-6-methoxyquinazoUn-4- 

yl]amino}pyrimidine-2-carbaldehyde (2.50 g, 5.12 mmol) and4-fluoro-3-chloroaniline(3.73 
g, 25.6 mmol) in methanol (25 ml) under nitrogen. The reaction was stirred at ambient 
temperature for 2 hours, diluted with diethyl ether (180 ml) and the resultant solid collected 
by filtration. The solid was washed with diethyl ether and dried in a vacuum oven to give N- 
10 (2-{[(3-chloro-4-fluorophenyl)annno]memyl}p^ 

methoxyquinazohn-4-amine as a yellow powder (1.81 g, 70 % yield). The product was used 
directly in the next reaction. 

d) An analogous reaction to that described in example 2d, but starting with 4- /' 
hydroxypiperidine (1 .00 g, 9.95 mmol) and N-(2-{ [(3-chloro-4- 

15 fluorophenyl)ammo]memyl}pvrimidin-5-yl)-7<3-cMoropropoxy)-6-memoxyqmnazoH 

amine (1.0 g, 2.0 mmol). Purification by flash chromatography, eluting with dichloromethane 
: methanol (9:1) followed by increased polarity to dichloromethane : methanol : ammonia ( - 
9: 1 :0.6) yielded l-[3-({4-[(2-{ [(3-cMoro-4-fluorophenyl)amino]memyl}pyrimidin-5- . [f 
yl)aimno]-6-memoxyquinazoUn-7-yl}oxy)propyl]piperidin-4-ol as a pale yellow solid (700, 5 

20 mg, 62 % yield) : 

'H-NMR (DMSO-ds) : 9.73 (s, 1H), 9.20 (s, 2H), 8.50 (s, 1H), 7.80 (s, 1H), 7.22 (s, 1H), 7.10 
(dd, 1H), 6.78 (dd, 1H), 6.64 (m, 1H), 6.48 (dd, 1H), 4.50 (d, 1H), 4.44 (d, 2H), 4.18 (t, 2H), 
3.97 (s, 3H), 3.44 (m, 1H), 2.73 (m, 2H), 2.42 (m, 2H), 2.05-1.91 (m, 4H), 1.71 (m, 2H), 1.41 
(m, 2H) : 

25 19 F-NMR (DMSO-dg) : -134.4 (m) : 
MS (-ve ESI) : 566, 568 (M-H)', 
MS (+ve ESI) : 568, 570 (M+H) + 



Example 20 - Prep aration of Compound 20 in Table 2 - 3-IY3-ir4-(T2-r(3-chloro-4- 

30 fluorobenzvl)oxv1pvriniidin-5-vnanii po)-6-methoxv q umazolin-7-vl1oxvlpropvl)ammo1- 
3-methylbutvI dihvdrogen phosphate 

An analogous reaction to that described in example 9, but starting with 3-[(3-{[4-({2- 

[(3-chloro-4-fiuorobenzyl)oxy]pyrinnmn-5-yl}amino)-6-methoxyquinazolin-7- 
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yl]oxy}propyl)amino]-3-methylbutan-l-ol (1.14 g, 2.00 mmol) yielded the title compound as 
a pale yellow solid (149 mg, 17 % yield) : 

*H-NMR CDMSO-dg): 9.73 (s, IB), 8.98 (s, 2H), 8.43 (s, 1H), 7.82 (s, 1H), 7.74 (m, 1H), 7.53 
(m, 1H), 7.46 (t, 1H), 7.25 (s, 1H), 5.41 (s, 2H), 4.24 (t, 2H), 3.99 (s, 3H), 3.92 (m, 2H), 3.0 
5 (t, 2H), 2.21 (m, 2H), 1.85 (t, 2H), 1.31 (s, 6H) : 

~MS -(+ve-ES-I): 651 CM+H)^ — - 

3-[(3- { [4-( { 2-[(3-chloro-4-fluorobenzyl)oxy]pyrimidin-5-yl } amino)-6-methoxyquinazolin-7- 
yl]oxy}propyl)aniino]-3-methylbutan-l-ol, used as the starting material, was obtained as 
follows: 

10 a) 2-[(3-chloro^-fluorobenzyl)oxy]pyriinidin--5-ainine (2.54 g, 10.0 mmol, see-patent 
WO 0121597) and 4-chloro-6-methoxy-7-(3-chloroxypropoxy)quinazoline (2.87 g, 10 mmol) 
were dissolved in dimethylacetamide (60 ml) and warmed to 40 °C. Hydrogen chloride (4 N 
solution in 1,4 dioxane, 2.5 ml, 10 mmol) was added slowly and the reaction heated at 70 °C 
for 30 minutes. The reaction was cooled, diluted with ether and the resultant precipitate 

15 collected by filtration and washed with diethyl ether. The solid was triturated with acetonitrile 
to afford i^{2-[(3-chloro^fluorobenzyl)oxy]pyriiriidin-5-yl }-7-(3-chloropropoxy)-6- 
methoxyquinazolin-4-amine (di- hydrochloride salt) as an off-white solid (4.88 g, 90 % yield) 

. 'H-NMR (DMSO-d 6 ): 8.96 (s, 2H), 8.82 (s, 1H), 8.40 (s, 1H), 7.70 (m, 1H), 7.51 (m, 1H), . 
20 7.43 (m, 1H), 7.38 (s, 1H), 5.41 (s, 2EQ, 4.30 (t, 2H), 4.02 (s, 3H), 3.82 (t, 2H), 2.28 (t, 2H) : 
MS (+ve ESI): 504 (M+H) + . 

b) An analogous reaction to that described in example 2d, but starting with iV r -{2-[(3- 
chloro-4-fluorobenzyl)oxy]pyrim 

amine (2.7 g, 5.00 mmol) and 3-amino-3-methylbutanol (2.57 g, 25.0 mmol). The reaction 
25 yielded 3-[(3-{ [4-({2-[(3-chloro-4-fluorobenzyl)oxy]pyrimidin-5-yl}amino>^ 

methoxyquinazolin-7-yl]oxy}propyl)amino]-3-methylbutan-l-ol as a colourless solid (2.22 g, 
78 % yield) : 

*H-NMR (DMSO-d 6 ): 9.65 (s, 1H), 8.97 (s, 2H), 8.47 (s, 2H), 7.79 (s, 1H), 7.72 (m, 1H), 7.51 
(m, 1H), 7.45 (t, 1H), 7.21 (s, 1H), 5.41 (s, 2H), 4.21 (t, 2H), 3.98 (s, 3H), 3.82 (t, 2H), 2.69 
30 (t, 2H), 1.90 (t, 2H), 1.53 (t, 2B), 1.04 (s, 6H) : 
MS (+veESI);571 (M+H) + . 
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Example 21 - Preparation of Compound 21 in Table 3 - r2-(ir4-(l2-r(3-chloro-4- 
fluorobenzovl)ammo1pyrimi 

YnoxvlmethvDcvclopropvnmethYl dihvdrogen phosphate 

An analogous reaction to that described in example 9, but starting with 3-chloro-4~ 
5 fluoro-N- { 5- [(7- { [2-(hydroxymethyl)cyclopropyl]methoxy } -6-methoxy quinazolin-4- 
yl)amino]pyrimidin-2-yl}benzamide (234 mg, 0.44 mmol) yielded the title compound as a 
pale orange solid (49 mg, 58 % yield) : 

! H-NMR (DMSO-d<s): 11.30 (s, 1H), 9.15 (s, 2H), 8,75 (s, 1H), 8.20 (d, 1H), 8.05 (m, 2H), 
7.70 (t, 1H), 7.25 (s, 1H), 4.20 (m, 1H), 4.10-4.00 (m, 4H), 3.90 (m, 2H), 1.40-1.00 (m, 2H), 
10 0.70 (m2H): 

MS (+ve ESI): 605 (M+H) + . 

3-chloro^-fluoro-iV-{5-[(7-{[2-(hydroxymethyl)cyclopropyl]methoxy}- 
methoxyquinazolin^-yl)aminolpyriiriidin-2--yl Jbenzamide, used as the starting material wak 
obtained as follows: /•■ 

15 a) 3-chloro-4-fluoro-iV- { 5-[(7-hydroxy-6-methoxyquinazoHn^-yl)amino]pyrimidin-2- 
yl}benzamide (3.50 g, 6.31 mmol), ethyl 2-(bromomethyl)cyclopropanecarboxylate (1.55 gi 
7.49 mmol, see-patent WO 9204339) and potassium carbonate (4.12 g, 33.55 mmol) were /; 
combined in dimethylacetamide and heated to 60 °C for 18 hours. The reaction mixture was 
poured into water (400 ml) and the resultant precipitate filtered, dried and washed with diethyl 

20 ether to afford ethyl 2-({ [4-({2-[(3-cMoro-4-fluorobenzoyl)am 

methoxyqixinazolin-7-yl]oxy}methyl)cyclopropanecarboxylate as a beige solid (2.75 g, 77 % 
yield) : 

MS (+veESI):565(M+H) + 

b) A solution of lithium aluminium hydride (5.5 ml, 1M solution in tetrahydrofuran) in 
25 tetrahydrofuran (60 ml) was cooled to 0 °C and a solution of ethyl 2-({ [4-({2-[(3-chloro-4- 
fluorobenzoyl)amino]pyrimidin-5-yl } amino)-6-methoxyquinazolin-7~ 
yl]oxy}methyl)cyclopropanecarboxylate (1.56 g, 2.75 mmol) in tetrahydrofuran (20 ml) was 
added slowly. The solution was stirred at 0 °C for 3 hours and further portions of lithium 
aluminium hydride (3 x 2.75 ml) were added at 0 °C at 18, 28 and 36 hours with warming to 
30 ambient temperature between each addition. The reaction mixture was cooled to 0 °C and 
hydrochloric acid (15 ml, 1 N solution in water) added slowly. Water (200 ml) was added and 
the reaction extracted with ethyl acetate (3 x 200 ml). The organics were combined, dried 
(magnesium sulphate) and concentrated (< 20 °C ) to afford a yellow solid. Trituration with 
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diethyl ether afforded 3-cMoro-4-fluoro-iV-{5-[(7-{[2- 
(hydroxymethyI)cyclopropyl]methoxy}-6-m^ 
yl}benzamide as a yellow solid (726 mg, 50 % yield) : 

^-NMR (DMSO-dg): 9.80 (s, 1H), 9.20 (s, 2H), 8.50 (s, 1H), 8.20 (d, 1H), 8.05 (m, 2H), 
5 7.81 (s, 1H), 7.65 (t, 1H), 7.25 (s, 1H), 4.50 (t, 1H), 4.20-3.80 (m, 2H), 3.40-3.20 (m, 2H), 

1.40-1. 00- (m,-2H), 0.61- (m 2H).:. ._ _ 

MS (+veESI):525(M+H) + 

Example 22=Preparation of Compound 22 in Table 3 - 2-r4-(ir4-({2-IY3-chloro-4- 
10 fluorobenzovl)aminolPvrimidin-5-vI}ammo)-6-methoxvquinazolin-7- 
vl1oxy}methyl)piperidin-l-vl1ethvI dihvdrogen phosphate 

A solution of 3-chloro-4-fluoro-AM5-[(7-{[l-(2-hydroxy 
yl]methoxy}-6-methoxyqxunazolin-4-yl)anxino]pyrinndin-2-yl}benzan^ (79 mg, 0.13 
mmol) in dimethylformamide (2 ml) was reacted with 1-H tetrazole (41 mg, 0.58 mmol) and 

15 dibenzyl diethylphosphoramidite (60 jlQ, 0.20 mmol) and stirred at ambient temperature for 18 
hours. Further portions of dibenzyl diethylphosphoramidite (100 ul) were added after 2 hours 
and 5 hours. The reaction mixture was cooled to -50 °C and 3-chloroperoxybenzoic acid (81 
mg, 0.46 mmol) was added and the reaction mixture warmed to 0 °C. A further portion of 3- 
chloroperoxybenzoic acid (60 mg) was added at -50 °C and the solution was stirred for 4 

20 hours then cooled to 0 °C. A solution of sodium metabisulphite (0.53 N aqueous solution) was 
added and the reaction was warmed to ambient temperature over 15 minutes then extracted 
with dichloromethane. The combined organic layers were dried (magnesium sulphate), 
filtered and concentrated under reduced pressure to yield the crude phosphate ester as a 
viscous, yellow oil. Purification by flash chromatography on silica gel, eluting with 

25 dichloromethane : methanol : 7.0 N ammonia in methanol (9:1:0 to 9:1:0.8) yielded dibenzyl 
2-[4-({[4-({2-[(3-cUoro-4-fluorobenzoyl)armno]pyrinndin-5-yl}amino)-6 
methoxyquinazohn-7-yl]oxy}methyl)piperidin-l-yl]ethyl phosphate as a yellow oil (41 mg, 
46 % yield) : 

MS (+ve ESI): 842 (M+H) + . 
30 Dibenzyl 2-[4-({ [4-({2-[(3-cMoro-4-fluorobenzoyl)annno]pyrinndm-5-yl}amino)-6 

methoxyqmnazolm-7-yl]oxy}methyl)piperidin-l-yl]ethyl phosphate (41 mg, 0.048 mmol) 
was dissolved in dichloromethane and cooled to -78 °C. Bromotrimethylsilane (70 ul, 0.05 
mmol) was added and the solution allowed to warm to ambient temperature and stirred for 1 
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hour. Methanol (3 ml) was added and the reaction concentrated, redissolved in methanol and 
evaporated to dryness. The residue was triturated with diethyl ether and filtered under 
nitrogen to yield the title compound as a yellow hydrobromide salt (41 mg, 98 % yield) : 
'H-NMR (DMSO-dg): 9.20 (s, 2H), 8.80 (s, 1H), 8.55 (s, 1H), 8;25 (s, 1H), 8.20 (m, 1H), 8.05 
5 (m, 1H), 7.51 (t, 1H), 7.41 (s, 1H), 4.30 (m, 2H), 4.20 (m, 2H), 4.05 (s, 3H), 3.60 (m, 2H), 
3.41 (t, 2H), 3.20 (t, 2H), 2.35 (m, 1H), 2.25 (m, 2H), 1.90-1.70 (m, 2H) : 
MS (-ve ESI): 660 (M-H)\ 

3-cWoro^-fluoro-iV^{54(7-{[l-(2-hyd^oxyethyl)piperidin-4-yl]methoxy}-6- 
memoxyquinazohn^yl)annno]pyrimidin-2-yl}benzamide used as the starting material was 
10 obtained as follows: 

a) 3-cMoro-4-fluoro-W-{5-[(7-hyfroxy 
yl}benzamide (3.85 g, 6.94 mmol), /erf-butyl 4-({[(4- 

memylphenyl)sulfonyl]oxy}memyl)piperidine-l-carboxylate (3.16 g, 8.55 mmol see-patent 
WO 0200649) and potassium carbonate (4.2 g, 30.4 mmol) were dissolved in } 

15 dimethylacetamide (50 ml) and stirred at 60 °C for 18 hours. The reaction mixture was 

cooled, poured into water (100 ml) and the resultant precipitate isolated. This was dissolve! in 
a mixture of dichloromethane : trifluoroacetic acid (2: 1 , 30 ml) and stirred at ambient 
temperature for 5 hours. The reaction mixture was concentrated, toluene added and re- % 
concentrated. The resultant solid was triturated with ether, filtered and dried to yield 3-chlbjro- 

20 4-fluoro-W-(5-{[6-methoxy-7-(piperic^ 

yl)benzamide di-trifluoroacetate as a beige solid (4.6 g, 86 % yield) : 
MS (+ve ESI): 538 (M+H) + . 

b) 3-chloro-4-fluoro-7V-(5-{ [6-memoxy-7-(piperidin-4-ylmethoxy)quinazolin-4- 
25 yl]amino}pyrimidin-2-yl)benzamide di-trifluoroacetate (4.6 g, 6.0 mmol), triethylamine (5 
ml, 26.6 mmol) and 2-bromoethanol (2.20 ml, 31.0 mmol) were dissolved in 
dimethylformamide (100 ml) and heated at 60 °C for 18 hours. The reaction mixture was 
cooled and concentrated. Purification by flash chromatography on silica gel, eluting with 
dichloromethane : methanol (4:1) followed by increased polarity to dichloromethane : 
30 methanol : ammonia (4:1:0.1) yielded 3-chloro-4-fluoro-N-{5-[(7-{[l-(2- 
hydroxyemyl)piperiaan-4-yl]me 
yl}benzamide as a beige solid (1.7 g, 48 % yield) : 



100936 



-68- 

X H-NMR (DMSO-d 6 ): 9.80 (s, 1H), 9.15 (s, 2H), 8.80 (s, 1H), 8.20 (m, 1H), 8.00 (m, 1H), 
7.80 (s, 1H), 7.60 (t, 1H), 4.20 (s, 1H), 4.05 (m, 5H), 3.65 (m, 2H), 3.15 (m, 2H), 2.40 (m, 
2H), 2.25-2.00 (m, 2H), 1.90-1.70 (m, 3H), 1.55 (m, 2H) : 
MS (-veESI):580(M-H)". 



100936 



# 




-69- 



CLAIMS 



1. 



A compound of formula (J): 




> R4 



5 



fonnula CD 



wherein A is 6-membered heteroaryl containing a nitrogen atom and optionally containing 
one or two further nitrogen atoms; 
X is O, S, S(O), S(0) 2 or NR 14 ; 
10 misO, 1,2, 3 or 4; 

Y is O, NR 5 CO, CONR 5 , CRVCONR 5 or CR^NR 5 ; 

Z is a group selected from -NR^ 2 , phosphonooxy, C 3 -6cycloalkyl (substituted by 
phosphonooxy or Ci- 4 alkyl (substituted by phosphonooxy)) and a 4- to 7-membered ring 
linked via a carbon atom containing a nitrogen atom and optionally containing a further . 
15 nitrogen atom, which ring may be saturated, partially saturated or unsaturated wherein the ' 
ring is substituted on carbon or nitrogen by phosphonooxy or C^alkyl (substituted by 
phosphonooxy) and wherein the ring is optionally further substituted on carbon or nitrogen by 
1, 2 or 3 halo or Ci- 4 alkyl groups; 

R 1 is -COR 8 , -CONR 8 R 9 or Q^alkyl (substituted by phosphonooxy and optionally further 
20 substituted by 1 or 2 halo or methoxy groups); 

R 2 is hydrogen, -COR 10 , -CONR 10 R n , Ci_ 6 alkyl (optionally substituted by 1, 2 or 3 halo or 
d^alkoxy groups or -S(0) p R n (where p is 0, 1 or 2) or phosphonooxy), C 2 -6alkenyl, C 2 - 
6 alkynyl, C 3 _ 6 cycloalkyl and C 3 ^cycloalkylCi. 4 alkyl; 

or R 1 and R 2 together with the nitrogen to which they are attached foim a 4- to 7- membered 
25 ring optionally containing a further nitrogen atom which may be saturated, partially saturated 
or unsaturated wherein the ring is substituted on carbon or nitrogen by a group selected from 
phosphonooxy and Chalky! (substituted by phosphonooxy or -NR 8 R 9 ) and where the ring is 
optionally further substituted on carbon or nitrogen by 1, 2 or 3 halo or Ci. 4 alkyl groups; 
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R 3 is hydrogen, halo, cyano, nitro, Ci^alkoxy, Chalky!, -OR 12 , -CHR 12 R 13 , ~OC(0)R 12 , - 
C(0)R 12 , -NR 12 C(0)R 13 , -C(0)NR 12 R 13 , -NR 12 SO;zR 13 or -NR 12 R 13 ; 

R 4 is hydrogen or a group selected from Q^alkyl, heteroaryl, heteroatylCi. 4 alkyl, aryl and • 
arylCi^alkyl where the group is optionally substituted by 1, 2 or 3 substitutents selected from 
5 halo, methyl, ethyl, cyclopropyl and ethynyl; 

-R 5 -is -selected-from-hydrogen, Ci^alkyl, andC?- 

<5cycloalkylCi. 4 alkyl ; 

R 6 and R 7 are independently hydrogen, halo, Q^alkyl, C 3 .6cycloalkyl, hydroxy and Q. 
4 alkoxy; 

10 R 8 is Ci. 4 alkyl substituted by phosphonooxy and optionally further substituted by 1 or 2 halo 
or methoxy groups; 
R 9 is hydrogen or Ci^alkyl; 

R 10 is hydrogen or Ci. 4 alkyl (optionally substituted by halo, Ci. 4 alkoxy, S(0) q (where q is 0, 1 
or 2) or phosphonoxy); 
15 R 11 , R 12 , R 13 and R 14 are independently hydrogen, Ci_ 4 alkyl or heterocyclyl; 
or a pharmaceutical^ acceptable salt thereof. 

2. A compound according to claim 1 wherein A is a group of formula (a), (b), (c) or (d): 




20 where * is the point of attachment to the X group of formula (I) and ** is the point of 
attachment to the Y group of formula (I). 

3. A compound according to claim 2 wherein A is a group of formula (b) or (d) as 
defined in claim 2. 

25 

4. A compounds according to any one of claims 1, 2 or 3 wherein X is NH. 

5. A compound according to any one of the preceding claims wherein Z is -NR R , 
phoshonooxy, cyclopropyl (substituted by Ci. 4 alkyl (substituted by phosphonooxy)) and 

30 piperidine or piperazine ring linked via a coarbon atom where the ring is substituted on carbon 
or nitrogen by phosphonooxy or Ci- 4 alkyl (substituted by phosphonooxy). 
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6. A pharmaceutical composition comprising a compound according to any one of the 
preceding claims in association with a phannaceutically acceptable diluent or carrier. 

5 7. Use of a compound according to any one of claims 1 to 5 in therapy. 

8. Use of a compound according to any one of claims 1 to 5 in the preparation of a 
medicament for the treatment of a disease where the inhibition of one or more Aurora kinase 
is beneficial. 

10 

9. Use according to claim 8 wherein Aurora kinase is Aurora-A kinase or Aurora-B 
kinase. 

■i 
,r 
c • 

10. A process for the preparation of a compound according claim 1 comprising converting 

- %/- . 

15 a compound of formula (II) into a compound of formula (I) by phosphorylation of an 
appropriate hydroxy group: 




formula (II) 

where A, X, in, Y, R 2 , R 3 and R 4 are as defined in claim 1; 

20 Z' is a group selected from -NR r R 2 , hydroxy, C3_6cycloalkyl (substituted by hydroxy or Q. 
4alkyl (substituted by hydroxy)) and a 4- to 7-membered ring linked via a carbon atom, 
containing a nitrogen atom and optionally containing a further nitrogen atom, which ring may 
be saturated, partially saturated or unsaturated wherein the ring is substituted on carbon or 
nitrogen by hydroxy or Ci^alkyl (substituted by hydroxy) and wherein the ring is optionally 

25 further substituted on carbon or nitrogen by 1, 2 or 3 halo or Ci^alkyl groups; 

R 1 ' is -COR 8 ', -CONR 8 R 9 or Chalky! (substituted by hydroxy and optionally further 
substituted by 1 or 2 halo or methoxy groups); or R r and R 2 together with the nitrogen to 
which they are attached form a 4- to 7- membered ring optionally containing a further 



100936 

-72- 

nitrogen atom which may be saturated, partially saturated or unsaturated wherein the ring is 
substituted on carbon or nitrogen by a group selected from hydroxy and C^alkyl (substituted 
by hydroxy or -NR 8> R 9 ) and where the ring is optionally further substituted on carbon or 
nitrogen by 1, 2 or 3 halo or C^allcyl groups; and 
5 R 8 ' is C^aUcyl substituted by hydroxy and optionally further substituted by 1 or 2 halo or 

methbxy groups: ~ " " 

and thereafter if necessary: 

i) converting a compound of the formula (I) into another compound of the formula (I); 

ii) removing any protecting groups; 

10 iii) forming a pharmaceutically acceptable salt. 



100936 



-73- 
ABSTRACT 

Quinazoline derivatives of formula (I): 




5 wherein A is 6-membered heteroaryl containing a nitrogen atom* and optionally containing 
one or two further nitrogen atoms; compositions containing them, processes for their 
preparation and their use in therapy. 
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